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Comparative study of three legume starches

A. H. EL TINAY,S. B. EL HARDALOU and A. M. NOUR

Summary

Starch content of chickpea (Cicer arietinum), pigeon pea (Cajanus cajan) and
bonavist bean (Dolichos lablab) was 58, 52 and 50% respectively with recovery
of 57.9, 48.1 and 49.0%. The amylose content was 33.5, 27.0 and 31.0%;
amylose chain length was 1420,550 and 830 glucose units and amylopectin chain
length was 29, 27 and 28 glucose units for chickpea, pigeon pea and bonavist
bean respectively. Chickpea starch granules ranged from large oval shaped
(21 x 30 |xm) to small spherical (13 fim in diameter); pigeon pea from (35 x
42 (xm) to 15.2 |xm and bonavist bean (35 x 42 |[xm) to 15.2 [xm. The gelatin-
ization temperature range was 67-76°C for chickpea, 71-78°C for pigeon pea
and 78-80°C for bonavist bean starch. The swelling power for chickpea, pigeon
pea and bonavist bean at 95°C were 17, 18.5 and 22.5% respectively. The
legumes showed a single-stage and somewhat restricted swelling. Solubility
curves for legume starches showed asimilar pattern and indicated that they have
higher solubility at elevated temperatures than wheat starch. The liquefaction
characteristics showed that chickpea has the highest resistance to cooking and
was the most sensitive to a-amylase. The three legume starches gave stabilized
Brabender hot-paste viscosity; chickpea had a lower overall viscosity due to its
exceptionally long amylose chains.

Introduction

Kawamura, Tuboi & Huzii (1955) developed a method to isolate starch from
various legumes by treatment with a 0.2% NaOH solution, washing with water
and dehydration with ethanol and ether. Schoch & Maywald (1968) found that
the separation of pure starch was difficult with certain legumes because of the
presence of a highly hydrated fine fibre fraction (presumably from the cell walls
enclosing the starch granules) and also the high content of insoluble protein.

Authors’address: Department of Biochemistry, Faculty of Agriculture, Shambat, Sudan.
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Some physio-chemical properties of legume seed starches have been reported
(Srivastava et ai, 1970; Rosenthal et al, 1971; Tolmasquim, Correa &
Tolmasquim, 1971; Lineback & Ke, 1975; Modi & Kulkarni, 1976). The objec-
tive of this study was to isolate starch from chickpea, pigeon pea and bonavist
bean and to examine the physio-chemical properties of their starches. Com-
parison of information on legume starch and wheat starch could provide useful
knowledge about the use of legume-cereal flour combinations in baked
products.

Materials and methods

Mature and healthy seeds of chickpea, pigeon pea and bonavist bean were
obtained from the local market. These were thoroughly cleaned and freed from
foreign material. Wheat starch flour was supplied by BDH, U.K.

Starch isolation

The method of Schoch & Maywald (1968) as modified by Lineback & Ke
(1975) was used.

Starch analysis

The isolated starcheswere analysed for protein, fat and ash content according
to the AOAC (1970) methods.

Microscopic examination

The isolated starch granules were studied microscopically as described by
McMasters (1964).

Starch determination

Starch was determined by the method of dispersal in CaCl2followed by iodine
spectrophotometry (Kerr, 1950).

Starch fractionation

Fractionation of starch into amylose and amylopectin was carried out
according to Lansky, Kooi & Schoch (1949) as modified by Montgomery &
Senti (1958).

Determination ofamylose content o f starch

Amylose content were determined colorimetrically as described by Williams,
Kuzina & Hlynka (1970). The amylose obtained by starch fractionation was
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used to construct a calibration curve. The amylopectin values were obtained by
subtractions of amylose content from 100% starch.

End group determination ofamylose and amylopectin

The method of Brown etal. (1945) as modified by Shasha & Whistler (1964)
was used. Amylose and amylopectin chain lengths were calculated according to
the formulae of Potter & Hassid (1948).

Gelatinization temperature range

Measurements were made using Kofler hot stage on a polarizing microscope,
according to Schoch & Maywald (1968). Temperatures were recorded that
correspond to initiation and completion of the loss of birefringence.

Swelling and solubility characteristics

Swelling and solubility patterns were determined using 4g starch by the
method of Schoch (1964).

Liguefaction characteristics

The falling number method of Hagberg-Perten (1968) was used. This method
measures starch resistance to a-amylase and heat, i.e. rate of liquefication of
gelatinized starch. Itis based upon rapid gelatinization of a flour suspension and
subsequent measurement of the degradation of the starch paste by a-amylase.
Barley malt with an a-amylase activity of 333 SKB units supplied by ‘Intra-
M alt’, France, was used.

Brabender viscosity curves

Brabender curves were determined using a Brabender Viscoamylograph and
analysed by the procedure described by Kerr (1950).

Results and discussion

Starch content ofchickpea, pigeon pea and bonavist bean was found to be 58,52
and 50% respectively (Table 1). This range of values is considerably lower than
that reported for wheat flour (70-80%; Pomeranz, 1971). Starch recovery from
chickpea was higher than that from the other two legumes. Bonavist bean has
relatively higher protein and crude fibre content (Table 3) which make starch
separation difficult. Schoch & Maywald (1968) reported that the separation of
pure starch from certain legumes is difficult because of the presence of highly
hydrated fine fibre fraction and also the high content of insoluble protein.
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In Table 1 is shown the chemical analysis of the isolated legume starches
together with wheat starch. The nitrogen content of the starches was low
(0.05-0.06% ) with values similar to those reported for wheat starch (Pomeranz,
1971). The fat content of bonavist bean was the lowest (0.1%) and that of wheat
was the highest (0.5%). Wheat and bonavist bean starches had the lowest and
highest ash contents respectively (0.02 and 0.07%). Schoch & Maywald (1968)
reported an ash content 0f0.04-0.05% for chickpea starch. In wheat starch only
atrace amount of ash has been reported (Pomeranz, 1971).

The range of amylose content for the three legume starches was 27-33.5%
(Table 1) which is within the range given by Whistler & Smart (1953). Wheat
starch and amylose content of 26.5% (Table 1). The average amylose chain
length for chickpea, pigeon pea, bonavist bean and wheat starches was 1490,
550, 830 and 525 glucose units respectively. Rao (1976) reported an amylose
chain length of 1667 and 540 glucose units for chickpea and pigeon pea starches
respectively. Potter & Hassid (1948) found wheat amylose chain length as 540,
and that of potato 980 glucose units. The average amylopectin chain lengths of
chickpea, pigeon pea, bonavist bean and wheat were 29, 27, 28 and 23 glucose
units respectively (Table 1). Cori & Larner (1951) reported the same value for
wheat as is found in this work.

Chickpea starch granules ranged from large oval shaped (21 x 30 fim) to
small spherical granules (17 pm; Table 2). Lineback & Ke (1975) found that
chickpea starch granules ranged from large oval (17-29 pm) to small spherical
(13 pm). Modi & Kulkarni (1976) working on pigeon pea starch found the

Table 2. Starch granule size and gelatinization temperature

Granule size (pm)
Gelatinization

Oval shaped temperature
range (°C)
Type of starch Average width Average length  Spherical radius (Kofler hot stage)
Chickpea 21 30 13 67-76
Pigeon pea 31 41 13 71-78
Bonavist bean 35 42 15.2 73-80
W heat - - 18 59-66

Table 3. Gross composition of the three legumes

Crude mg/100g
Moisture Protein Fat fibre Ash Carbohydrate
Sample (%) (%) (%) (%) (%) (%) Ca Fe P
Chickpea 6.10 19.40 540 3.90 3.10 62.10 125 14.00 451
Pigeon pea 6.10 19.30 2.00 6.40 3.60 62.70 132 9.80 376

Bonavist bean 6.20 22.10 1.20 7.70 3.60 59.30 116 13.70 472



6 A. H. El Tinay, S. B. El Hardalou and A. M. Nour

granules oval in shape and large in size (20.8-33.9 pun). Bonavist bean showed
the largest starch granules which ranged from large oval shaped (35”-2 pun) to
small spherical (15.2 |[xm;Table 2). This agrees with the work of Rosenthal etal.
(1971). The average wheat starch granule size was 18 pun. Legume starch
granules differ from wheat starch which has a mixture of large, intermediate and
small spherical granules (Kulp, 1973).

The gelatinization temperature ranges, determined using a microscope
equipped with Kofler hot stage, were 67-76°C for chickpea, 71-78°C for pigeon
pea, 73-80°C for bonavist bean and 59-66°C for wheat starch. Srivastava et al.
(1970) reported the range 71-74°C for chickpea starch while Schoch & Maywald
(1968) reported 66-72°C which agrees fairly well with values reported in this
work. Modi & Kulkarni (1976) found a gelatinization temperature range of
66-72°C for pigeon pea. The gelatinization temperature for bonavist bean is
relatively high. Rosenthal et al. (1971) obtained 65-70-76°C gelatinization
temperature range for bonavist bean starch.

The swelling patterns for chickpea, pigeon pea, bonavist bean and wheat
starches are shown in Fig. 1. All three legume starches showed single-stage
swelling while wheat starch showed a two-stage swelling pattern. The single-
stage swelling pattern obtained for chickpea starch is similar to that obtained by
Schoch & Maywald (1968) and Lineback & Ke (1975). The swelling pattern of
pigeon pea and bonavist bean starches is similar to that of chickpea starch. The
swelling power of chickpea, pigeon pea, bonavist bean and wheat starches at

25

Swelling power (%)

| | | | |
50 60 70 80 90 100

Temperature (°C)

Figure 1. Swelling power (% d.b. corrected for solubles) of chickpea (—A—),
pigeon pea (— e+ —), bonavist bean (-- O --) and wheat (-----0 -—-- ) starches.
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Figure 2. Solubility (% d.b.) of chickpea (— A —), pigeon pea (— e+ —), bonavist
bean (— O — ) and wheat (-----0 - ) starches.

95°C were 17.0, 18.5,22.5 and 12.0 respectively (Fig. 1). The swelling power for
the examined legume starches is somewhat restricted. This restricted swelling
plus the single-stage swelling pattern indicate starch granules of strong binding
forces that relax over a narrow temperature range and not at different tempera-
ture ranges as in maize and milo (Correa, Rosenthal & Talmasquim, 1965).
Rasper (1969) reported rapid and unrestricted swelling for potato starch at
relatively low temperatures indicating weak and uniform bonding within the
granules.

Solubility curves (Fig. 2) generally followed the same pattern as the swelling
power curves (Fig. 1) indicating the direct inter-relationship of these two
functions. The solubilities of chickpea, pigeon pea, bonavist bean and wheat at
95°C were 18.5, 24, 19.5 and 16% respectively. The solubility percentages and
swelling powers of chickpea starch agree with the results of Lineback & Ke
(1975). There seems to be a relationship between amylopectin content and
solubility. Pigeon pea starch which has the highest amylopectin content (Table 1)
also has the highest solubility.

Figure 3 shows that chickpea starch has the highest resistance to cooking
compared to pigeon pea, bonavist bean and wheat starches. The falling number
shows a negative linear relationship with malt quantity. Chickpea starch is more
sensitive to malt a-amylase than pigeon pea and bonavist bean. The reference
wheat starch sample has the lowest resistance to cooking in the absence of malt
enzyme but is relatively more resistant against malt enzyme. The slope of the



8 A. H. El Tinay, S. B. El Hardalou and A. M. Nour

700 —
600
500
400
300
200

Falling number (sec)

100

025 05 075 10
Barley malt (%)
Figure 3. Liquefaction characteristic (falling number) of 4g (d.b.) chick pea
(— A —), pigeon pea (— e+ —), bonavist bean (-----O ----- ) and wheat (- 0 - )
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Figure4. Graphical representation of Brabender curves (paste viscosity) for chickpea

(— A —). pigeon pea (—* —), bonavist bean (-----O --——- ) and wheat (-----0 ----- )
starches (7.5% level).

curves for chickpea, pigeon pea, bonavist bean and wheat starches were 0.7,0.3,
0.5 and 0.28% respectively.

Paste viscosity curves for the three legumes and wheat starch are shown in Fig. 4.
The starch concentration for all samples was 7.5%. The three legume starches
gave a single-stage swelling with no pasting peak and an increasing viscosity
during cooking as observed in the Brabender curves. This type of viscosity
pattern is consistent with restricted swelling starches (Schoch & Maywall, 1968).

The initial pasting temperatures were approximately the same for the three
legume starches; chickpea 76.5, pigeon pea 78 and bonavist bean 79.5°C.
Lineback & Ke (1975) reported a lower initial pasting temperature of 68.5°C for
chickpea while a higher temperature (81°C) for pigeon pea was reported by
Modi & Kulkarni (1976).

Examination of the Brabender curves reveals that pigeon pea starch consis-
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tently showed the highest viscosity throughout the cooking cycle. Bonavist bean
showed higher viscosity than wheat starch while chickpea showed the lowest
viscosity. Holding the pastes temperature at 95°C produced increased viscosities
and cooling after 1 hr at 50°C produced an increase in viscosity for all starches
(set-back) reflecting the tendency for the starch to retrograde.

Brabender curves for bonavist bean and chickpea starches varied even
though their amylose:amylopectin ratios were similar. Goering, Eslick & Hass
(1970) made asimilar observation for barley starches for different varieties. This
could be attributed to differences in granule structure or to differences in
molecular structure of amylose and/or amylopectin. Chickpea starch consis-
tently has the lowest viscosity and showed little set-back on cooling from 95 to
50°C (Fig. 4). This is probably due to the failure of amylose to form an exudate
phase outside the granules although it retrogrades within the granules.
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Protection of ovalbumin against irreversible heat
dénaturation by a cationic amphiphile at high concentration

B. ERICSSON*t, P.-O. HEGG* ana K. MARTENSSON

Summary

The interaction of the cationic amphiphile cetylpyridinium chloride (CPC) with
the egg white protein ovalbumin, was studied at various temperatures and pH
values. The influence of different concentrations of CPC on the thermal
behaviour of the protein was followed by specific optical rotation measurements
in the pH interval 3-9. No increase in optical rotation was found at any pH when
CPC was added to ovalbumin at room temperature. When heated, a gradual
increase in optical rotation was registered, which became smaller the higher the
pH used. At molar ratios of CPC :ovalbumin of above 70 this increase was
reversed on cooling. The reversibility of the thermal unfolding on cooling was
not affected by a variation in protein concentration between 0.5 and 10%.
Circular dichroism measurements before and after a heating-cooling cycle
confirmed the results obtained on optical rotation. When CPC was exchanged
against the anionic amphiphile, sodium dodecylsulphate (SDS), a denaturing
effect was achieved at neutral and alkaline pH values already at room tempera-
ture. At the acidic side of the isoelectric point, however, there was no major
effect of SDS. No thermal aggregation of ovalbumin occurred near the iso-
electric point when CPC was present and complete resolubility was found after
thermal treatment and drying.

Introduction

The understanding of how to influence functional properties of proteins in food
is still poor. However, precipitation and gelling properties of proteins under a
thermal treatment have been investigated in some detail (Hegg, 1978). It was
found that thermal aggregation could be influenced by rather simple methods.

Authors’addresses: *Department of Food Technology, University of Lund, Box 740, S-22007,
Lund, Sweden, and ;Swedish Sugar Co. Ltd, Research Laboratories, Box 6, S-23200, Arldv,

Sweden.
tT o whom correspondence should be addressed.
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An increased salt concentration strengthened aggregation, while a high or low
pH usually had the opposite effect. Even an inhibition of thermal aggregation of
proteins could be achieved by adding small amounts of the anionic amphiphile
sodium dodecylsulphate to the protein solution. Unfortunately, however, this
leads to a simultaneous denaturation of the protein structure, which possibly
changes the functional properties of the protein in a following food production
process. Modification of protein properties without obtaining significant losses
in protein structure is thus especially important in food technology. As thermal
treatments are so frequent in food processing, also a protection against protein
denaturation in general would be of technological importance. This is particu-
larly true in processes where a protein structure with native qualities is desired
after a unit operation where denaturation may occur, e.g. a pasteurization
process (Lineweaver et al., 1967). Protection is also particularly important if
enzymatic activity is desired during or after such a process.

In model studies of the interaction between proteins and amphiphiles mostly
bovine serum albumin (BSA) and sodium dodecylsulphate (SDS) have been
used. Bovine serum albumin (BSA) has been reported to bind anionic amphi-
philes with high affinity (Steinhardt & Reynolds, 1969) and at the same time
become stabilized against structural stress as, for instance, heat (Gumpen, Hegg
& Martens, 1979). The only protein reported with amphiphile binding proper-
ties similar to that of BSA is /3-lactoglobulin (Steinhardt & Reynolds, 1969;
Hegg, 1980). With the exception of a few proteins, e.g. glucose oxidase, papain
and pepsin, which show a high resistance against unfolding by SDS (Nelson,
1971), all other proteins examined so far seem to be structurally transformed by
this amphiphile (Lapanje, 1978).

If a minimal effect on protein structure is desired as a result of binding of an
amphiphile, SDS seems to be an inappropriate choice. The twelve carbon
skeleton, which appears to induce a maximal unfolding of proteins (Tanford,
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Figure 1. Specific optical rotation of ovalbumin and ovalbumin dissolved in cetyl-
pyridinium chloride (CPC) at pH 3 as a function of temperature during heating and
cooling. Protein concentration: 25 mg/ml. (a) Ovalbumin without CPC added.------
Heating (I°C/min); -—, cooling (TC/min). (b) Heating of ovalbumin (I°/min) in
CPC of different concentrations. A, 8 mM CPC; B, 20 mM CPC; C, 40 mM CPC; D,
200 mM CPC. (c) Cooling of ovalbumin (I°C/min) in CPC. Concentrations as in (b).
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1973; P.-O. Hegg, unpubl. data) combined with the sulphate head group, which
intensifies the affinity to the protein more than most other head groups (Stein-
hardt & Reynolds, 1969), makes this amphiphile a strong denaturing agent.
Thus the denaturating effect might be avoided if an amphiphile with a more
apposite hydrophobic-hydrophilic balance is chosen. The interaction with such
an amphiphile would probably result in a protein molecule with changed
functional properties, but in addition there would also be a possibility to attain a
protein structure less susceptible to external stress. The influence of amphi-
philes other than SDS on protein structure is, however, poorly examined. This is
particularly the case with the cationic ones.

The intention of the present work was to examine the effect of a cationic
amphiphile on protein structure at different temperatures. As a model system
cetylpyridinium chloride (CPC) and the egg white protein ovalbumin was used.
The results obtained with CPC were compared with those obtained with SDS.

Materials and methods

Materials

Ovalbumin was prepared from hen’s egg white according to Hegg (1979). No
other egg white proteins could be detected in the protein preparation by SDS gel
electrophoresis. Sodium dodecylsulphate (Lot No. L-5750) and cetylpyridinium
chloride (Lot No. C-9002) were purchased from Sigma Chemical Co., U.S.A.

Methods

Optical rotation. The optical rotation measurements were carried out in a
Perkin-Elmer 141 polarimeter at the wavelength of sodium-D-line (589 nm).
The polarimeter cell (1.0 dm, 5 ml) was thermostated to temperatures within
the interval 25 to 95°C at a heating and cooling rate of I°C/min. This was
obtained by coupling the polarimeter cell to a circulating water bath equipped
with an electronic heat gradient control (Heto, Denmark, type 02 PH 623).
Transition temperature is defined as the temperature at the midpoint of transi-
tion. Data are expressed as specific optical rotation with an accuracy of £ 0.5°.

Circular dichroism. Circular dichroism measurements were performed using
a JASCO J-40 dichrograph in the wavelength range of 270-210 nm. Results are
expressed as mean residue ellipticities (degree cm 2dmol), using the value 112
for the mean residue weight of ovalbumin. A protein concentration of 0.5 mg/ml
and a cell width of 0.1 cm was used in these experiments. All measurements
were made at 25°C. As ovalbumin does not give a significant dichroism signal in
the near u.v. region, only the far u.v. region, yielding information about the
backbone conformation of the protein, was examined.

Preparation of solutions. Protein solutions of twice the final concentration
were prepared using distilled water. Equal volumes of amphiphile solutions,
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also of twice the desired concentrations, were then added slowly and under
stirring. In most experiments a final protein concentration of 25 mg/ml was
used. After addition of amphiphile the solutions were adjusted to appropriate
pH using 1.0m HC1 or NaOH. A precipitate formed above the isoelectric point
of ovalbumin during pH adjustment of the ovalbumin-CPC solution. This
precipitate dissolved upon stirring. The time required for resolution was
dependent on the pH of the solution, but was typically 1 hr.
All solutions used for analysis were optically clear and freshly prepared.

Results and discussion

Effect of cetyl pyridinium chloride on the thermal dénaturation of ovalbumin at
pH 3

At pH 3 ovalbumin carries a positive net charge of about 25 (Hegg, 1978;
Nakamura, Hirai & Takimori, 1980), and due to net charge repulsion itdoes not
aggregate when heated to temperatures above the dénaturation temperature so
far from the isoelectric point (4.6-4.9) (Rhodes, Azari & Feeney, 1958;
Cannan, Kibrick & Palmer, 1941). Precipitation below the isoelectric point with
anionic amphiphiles and above the isoelectric point with cationic has earlier
been reported (Hegg, 1979) at low concentrations of added amphiphile. This
phenomenon is thus not to be expected when the cationic amphiphile CPC is
added at pH 3. These two facts made pH 3 suitable for examining the effect of
various amounts of CPC on the thermal dénaturation of ovalbumin.

The specific optical rotation (OR) of ovalbumin during heating and cooling is
shown in Fig. la. In the absence of amphiphile the heat dénaturation process is
fast with a transition point at 59°C. On cooling the OR value does not return to
the initial level, but remains above that obtained at 95°C. This is indicative of an
irreversible process of dénaturation, and is in accordance with earlier reports on
ovalbumin (Smith, 1964).

From Fig. Ib itisseen that addition of various concentrations of CPC does not
significantly alter the specific optical rotation at 25°C. This indicates that no
unfolding of the protein structure occurs at this temperature. When heated at
low amphiphile :protein ratios the thermal stability of the protein becomes
lowered. Thus, the transition point decreases from 59 to 55°C at 8 mM CPC
(molar ratio CPC :ovalbumin of 14) and to 50°C at 20 mM (molar ratio of 36). At
higher amphiphile concentrations the sharp transition is replaced by a gradual
increase in specific rotation and no defined dénaturation temperature can be
detected. The final optical rotation value obtained at 95°C is also lowered by 8°C
compared to when CPC is absent. An increase in amphiphile concentration
above 40 mM (molar ratio of 72) did not alter the optical rotation curve further.

The behaviour of ovalbumin on cooling at the different concentrations of
CPC is given in Fig. Ic. At low CPC concentrations there is a slight decrease in
the OR value as the temperature is decreased, but the major transition is not
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reversed. However, for the two highest concentrations of amphiphile, the
cooling process is the reverse of the heating process. Above 80% of the A[a]dis
regained upon cooling suggesting that the heat-induced unfolding has become
reversible.

EffectofpH

To examine the contribution of electrostatic forces for the formation of the
protein-amphiphile complex, optical rotation measurements were carried out
at increasing pH values.

The precipitate formed at and above the isoelectric point at low concentra-
tions of added cationic amphiphile will redissolve at a sufficiently high concen-
tration of amphiphile (Hegg, 1979). To be able to measure optical rotation of
ovalbumin in CPC above the isoelectric point a concentration of40 imt (corres-
ponding to a molar ratio of amphiphile :protein of 72) was required. Notably,
this concentration was also the requisite to obtain protection against irreversible
heat dénaturation at low pH (Fig. Ic).

Only amarginal increase in specific rotation was found at 25°C with increasing
pH (Fig. 2), and the reversibility of the thermal dénaturation process was
completely maintained at all pH values examined. However, agradual decrease
in the slope of the curves was found with increasing pH when optical rotation
was plotted as a function of temperature. This suggests that there is an electro-
static contribution to the protein-amphiphile interaction, and that complexes,
which are progressively less heat susceptible, are formed when the negative
charge on the protein increases. But since the interaction between ovalbumin
and CPC is manifest already at pH 3, when both kinds of molecules are
positively charged, hydrophobic interactions must also be of importance for the
formation of the complex (Fig. Ib).
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Figure 2. Specific optical rotation of ovalbumin (25 mg/ml) in 40 mm cetylpyridinium
chloride (CPC) as a function of temperature at different pH values. A, pH 3;B,pH 5;
C,pH 7; D, pH 9; A, Values after cooling.
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Circular dichroism

It can be seen from the optical rotation curves (Figs 1and 2) that ovalbumin in
presence of CPC attains the same, or a very similar value of —[a] after heating
and cooling as before heating. In order to compare the conformations corres-
ponding to these values circular dichroism measurements of the two solutions
were performed at pH 3 and the results are given in Fig. 3. At the wavelengths
examined ovalbumin gave rise to a negative signal (Curve A), which diminished
considerably after heating to 95°C (Curve B). The protein lost its ordered
structure when denatured by heat and did not regain it on cooling. With CPC
present the CD signal increased about 10% (Curve C). This small change might
indicate that a slightly more dense complex is formed. The signal of the heat
treated ovalbumin-CPC solution was identical to that obtained before heating
(Curve D). These results show that the protein conformation is retained after
the heating-cooling cycle, i.e. that CPC hampers the irreversible thermal
unfolding of ovalbumin.

Effect of protein concentration

Ovalbumin normally becomes irreversibly denatured when heated. The
amphiphile CPC has the ability not mainly to protect against heat dénaturation
but more to make the dénaturation reversible. It is reasonable to assume that
the reversibility of a dénaturation process should be facilitated when the protein

-6+
B
A
-8
-0}
C D
C
C
—12

| 1 1 | ] |
210 220 230 240 250 260

X (nm)

Figure 3. Circular dichroism of ovalbumin and ovalbumin dissolved in cetyl-
pyridinium chloride (CPC) at pH 3. A, ovalbumin prior to heating; B, ovalbumin
after heating to 95°C; C, ovalbumin in CPC (72 mol CPC/mol ovalbumin) prior to
heating; D, the same as curve C after heating to 95°C.
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concentration is decreased due to intermolecular interactions. To examine
whether the reversibility of the heat denaturation process in the presence of
CPC was influenced by protein concentration this was varied keeping the molar
ratio of CPC to protein in (72 :1) constant.

A protein concentration of 25 mg/ml has been used throughout this investi-
gation. No influence on the reversibility was found when protein concentrations
of 5 and 100 mg/m| were examined. However, when the protein concentration
was increased a parallel displacement towards lower specific optical rotation
values occurred.

Effect of SDS

Figure s shows the effect ofs0 nim SDS on ovalbumin atpH s .7 ands. At this
concentration of SDS optical rotation measurements at pH 3 were not possible
due to aggregation on heating. In contrast to CPC, the effect of SDS on
ovalbumin seems to be extremely dependent on pH.

At pH values where ovalbumin carries a negative netcharge, SDS has a strong
influence on the optical rotation behaviour. Thus, the initial OR value at 25°C is
increased by about 10 at pH 7 and 9, i.e. the protein conformation is altered
already by the addition of SDS. Only a marginal further increase in optical
rotation was registered when the temperature was raised to 95°C. Thus the
protein conformation once formed at low temperature seems to be resistant to
heat.

The effect of SDS on ovalbumin at and below the isoelectric point was
completely different from that registered at pH 7 and 9. At pH 5 the OR curve
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Figure 4. specific optical rotation of ovalbumin in 40 mM sodium dodecylsulphate
(SDS) as a function of temperature at different pH values, (a) Heating; (b) cooling.
A, pH5;B,pH7;C, pHO.
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resembles the one of the protein solution without amphiphile (cf. Fig. la) both
on heating (Fig. 4a) and cooling (Fig. 4b). The transition is, however, less sharp
and the midpointis at asomewhat higher temperature. Consequently, the effect
of SDS on the conformation of ovalbumin at acidic pH values is moderate in
comparison with neutral and alkaline pH values.

In order to avoid thermal aggregation at pH 3 the concentration of SDS was
increased to 47 ium. This concentration corresponds to the same ratio of
amphiphile :protein (w/w) as40 nim CPC. The optical rotation versus tempera-
ture was almost identical to the one obtained at pH 5 and 40 mvi SDS (Fig. 4a).
Thus, with an addition of SDS no reversibility of the heat-induced unfolding is
obtained at pH 3.

The observed difference between ovalbumin and the two amphiphiles used in
this investigation might partly be explained by differences in amphiphile
monomer concentration. Cetvlpyridium chloride (CPC) has a critical micelle
concentration (cmc) of 0.9 mM at 25°C, while SDS at the same conditions has a
cmc of 8 MM (Mukerjee & Mysels, 1971). The lower monomeric concentration
of CPC might be one important restriction for a co-operative binding of the
monomeric amphiphile which seems to be the cause of the dénaturation seen
with SDS (cf. Makino, Reynolds & Tanford, 1973). The importance of micelle
interaction, which has been reported for nonionic amphiphiles (Clarke, 1975;
Bernath & Vieth, 1972), could therefore not be excluded in the case of CPC.

Effect on resolubility

A high solubility of dried powders is often important in food technology.
Thus, in order to illustrate to what extent functional properties of a protein
could be affected by addition of an amphiphile, the effect of CPC on the solubility
of ovalbumin at pH 4.7 after a heating-cooling cycle was examined. To a
solution of ovalbumin as added CPC to a molar ratio of 72. As a reference, an
ovalbumin solution was used, to which no CPC was added. Both solutions were
heated to 95°C, cooled and freeze dried. The dried samples were redissolved in
distilled water and after 3 hr centrifuged at 8000 g for 30 min. The solubility was
measured as the absorbance of the supernatants at 280 nm. Ovalbumin without
CPC was soluble only to a marginal extent (0.6%), while ovalbumin in presence
of CPC was completely soluble (100%), i.e. the addition of CPC brings about a
complete resolubility of the protein after a very strong thermal treatment.

Conclusion

Addition of CPC in high concentrations, i.e. well above the cmc of the amphi-
phile, to ovalbumin at room temperature induces no increase in specific optical
rotation. This amphiphile seems therefore not to cause a less ordered protein
structure. This conclusion is supported by the circular dichroism measurements.
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Conformational changes are registered when heated, however, but the
thermal transition occurring without added amphiphile was to a large extent
reduced in the presence of CPC. Furthermore, the transition induced by the
thermal treatment was reversed on cooling. No evidences could be found from
OR or CD measurements for differences in conformation between the unheated
ovalbumin-CPC complex and the one which has been exposed to the heating-
cooling cycle.

Work is in progress to examine the effect of different amphiphiles on various
proteins in order to elucidate if other amphiphiles could be found which have
similar effects as those registered for the amphiphile used as a model in this
investigation, and if this effect also is applicable to proteins in general. In these
studies, methods to study conformational changes complementary to those
included here are used.
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The preparation of protein hydrolysate from defatted
coconut and soybean meals

I. Effect of process variables on the amino nitrogen released and
flavour development

CHAY B. PHAM and R. R. det ROSARIO

Summary

This study was conducted to determine the effects of temperature, time and
concentration of acids on the hydrolysis of coconut and soybean meals. Using
6 n hydrochloric acid (HC1), the complete hydrolysis of soybean meal was
reached after 36 hr at 95°C, while it took only 24 hr to complete the process
when 18 n sulphuric acid (H25 04) was used at the same temperature. Coconut
protein exhibited some degree of resistance to hydrolysis. Using 10n HCland
18 n H2S04 in two separate tests, it took 48 hr to complete hydrolysis at 95°C.
Sulphuric acid caused a considerably greater decomposition of amino acids than
HC1 during longer periods of reaction with high acid concentration and
temperature. Flavour developmentis afunction of the free amino acids released
which in turnisafunction ofacid concentration, reaction time and temperature.

Introduction

Protein hydrolysate in various forms is widely utilized in the Philippines as well
as in other South-east Asian countries. These products have served not only as
condiment but also a source of amino acids in the diet.

Coconut, a major industrial crop in the Philippines is a potential raw material
for the production of protein hydrolysates. The annual production of the dried
coconut meat of ‘copra’in 1975 amounted to 2 million metric tons. Itis a source
of oil and protein. However, oil is the only component used for food in major
guantities. The protein in the residue estimated at about 420000 tons is used
primarily as feed supplement just like soybean meal. There is a need to develop
other uses for this large amount of protein source.

The production of protein hydrolysate from plant proteins has been done
using microbial fermentation. This process however, is slow and takes from 4 to
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University of the Philippines at Los Banos, College, Laguna, 3720, Philippines.

0022-1163/83/0200-0021 $02.00 © 1983 Blackwell Scientific Publications



22 Chay B. Pham and R. R. del Rosario

6 months to accomplish. The use of mineral acids reduces the time required to
accomplish hydrolysis. These products made by acid hydrolysis are available in
European, American and in Japanese markets (Yong & Wood, 1974; Minor,
1945).

Several studies have indicated that for analytical purposes acid hydrolysis can
best be achieved by treatment of protein or peptide with 6 » HC1 at 110°C for
24 hr under conditions that rigidly exclude oxygen, non-protein substances and
metals (Moore & Stein, 1951; Harfenist, 1953; Smith & Stocked, 1954). The
hydrolysis of protein samples as a function of time was studied by Hirs, Stein &
Moore (1954) who suggested corrections necessary for incomplete hydrolysis or
for destruction of amino acids. Peptide hydrolysis as shown by Vickery (1922) is
nearly completed by boiling gliadin with 20% HCL1 for 20 hror 4 » HC1 for 50 hr.
The hydrolysis rate of gelatin at three temperatures and with different concen-
trations of HC1 and H25S04 to determine the order of the reaction was also
studied by Greenberg & Burk (1927). Wilcox, Cohen & Tan (1957) treated
soybean protein with 5» HC1 at 110°C in an evacuated tube between 24 to 72 hr
and observed the amino acids released from peptide bonds. Studies on wool,
edestin and gelatin hydrolysis at 37°C with excess 10n HC1 showed that the
general kinetics of acid hydrolysis is described by the splitting of bonds involving
cystine, serine, threonine, proline, hydroxyproline and ammonia residues
(Gordon, Martin & Synge, 1941). A mixture of soybean and wheat, hydrolysed
by refluxing with constant boiling HC1 (20% solution) until a maximum concen-
tration of amino nitrogen was obtained was also studied (Minor, 1945).

Information on the conditions required in the hydrolysis process involving
defatted coconut and soybean proteins is still limited. There is not enough
information also on the flavour development of the proteins in the products.
Therefore, this study was conducted to determine the process variables and the
correlation between flavour development and amino acids released for optimiz-
ing product quality.

Materials and methods

Raw materials

The proteinaceous raw materials used were coconut and soybeans. Coconuts
(Cocos nucifera, Linn.), Laguna variety and soybeans (Glycine max [L.] Merr).
The UPLB, SY, variety were supplied by the Horticulture and Agronomy
Department, respectively, of the University of the Philippines at Los Banos,
College, Laguna, Philippines.

Preparation o fraw materials

Mature nuts were dehusked, cracked, the meat removed from the shell and

shredded through a coconut grater, then dehydrated using an electrical dryer at
68°C for 8 hr.
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Soybean flour was prepared by drying the beans at 68°C for 8 hr and then
dehulling them. The dehulled beans were ground to pass through a 60 mesh
sieve.

Qil was extracted with petroleum ether. The sample meals obtained after
milling were passed through a 100 mesh sieve, packed in plastic bags, and stored
at 10°C.

Experimental design

The selection of variables was based on the fact that temperature, time and
concentration of acids affect the hydrolysis rate, giving product characteristics
of the different raw materials. Each treatment was replicated twice. A central
composite response experimental design (Davies, 1963) was used to evaluate
the influence of processing conditions in the development of flavour. Variables
were transformed and coded as shown in Table 1. Results were analysed by
means of a multiple regression to determine the process variables significant in
flavour development and the method of least squares was used to obtain the best
estimate of the independent variables. All terms not significant at the 0.05
probability level were combined with the residual.

Response surface plots were made from the regression equations which have
been adjusted.

Table 1. Transformation and levels of independent variables

Levels

Variable Transform -
symbols ation -2 -1.2 -1 -0.95 025 0 +05 +0.64 +0.93 +1.32 +2
X ,temper-

ature (°C) (x —81)/22 37 60 95 110 125
X 2time (hr) (x —40)/16 8 24 36 48 72
X\ HC1 (n) (x —6)/2 2 4 6 10
V,H,S04(n)(x - 10.5)/3.75 3 6 14 18

Experiment and variables

Two grams of the sample protein were hydrolysed with the acid solution with
concentration varying from 2,4,6 and 10 n for hydrochloric acid and 3,6, 14 and
18 n for sulphuric acid in a round bottom flask glass set up with condenser. Heat
was applied under reflux varying from 37, 60, 95, 110 and 125°C. The hydrolysis
time was set for 8, 24, 36, 48 and 72 hr. When the hydrolysis process was over,
the hydrolysed product was neutralized by sodium hydroxide solution and
filtered through a No. 431 Whatman paper. The filtrate was used to determine
amino nitrogen and flavour.
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Amino nitrogen determination

Total nitrogen in the raw materials was determined by the micro-Kjeldahl
method (AOAC, 1975).

The rate of hydrolysis was determined by measuring the amount of free amino
acid groups released using the different values of the formol nitrogen and
ammonium nitrogen (T. Sakasai & T. Yokotsuka, pers. comm.).

Five millilitres of the hydrolysed product was diluted to 250 ml with water.
Twenty-five millilitres of the sample was adjusted to pH 7 with 10n NaOH
solution. Twenty millilitres of the neutralized formalin solution was added and
shaken very well. The sample was allowed to stand for 10 min and then titrated
with N/10 NaOH solution until a pH of 8.5 was reached. This value is T in the
following formula:

Formol nitrogen (%) = 0.0014 x f x f x 200,

where F= factor of N/10 NaOH solution.

Ammonium nitrogen of the hydrolysed product was determined by the
Conway diffusion method (T. Sakasai & T. Yokotsuka, pers. comm.).

Five millilitres of the hydrolysed product and one drop of silicone or amyl-
alcohol were placed in the B-bottle and then added with water to 5cm of the
height of the hydrolysed sample layer. Ten millilitres of saturated K22 O, was
added along the sidewall and the B-bottle was covered right away. Suction
connected from the water pump to the A-bottle was applied slowly at first, and
then strongly for 15 min. After suction, 20 ml of N/10 H,S04 solution in the
C-bottle containing two to three drops of Gluck indicator was titrated with N/10
NaOH solution (T,):

Ammonium nitrogen (%) = (T2- Tt) x 0.0014 x fx 20

Table 2. Effect of HC1 concentration and temperature on the amino nitrogen* released from
soybean (SB) and coconut (COCO) proteins

Temperature (°C)

HC1

concen- 37 60 95 110 125

tration

(N) SB COCO SsB COCO sB COCO SB COCO SB coco

2 20.95 22.17 54.71 42.25 85.04 72.24 98.39 94.75 98.81 98.06

29.87 35.14 70.92 58.64 100 87.31 100 100 too 100

(72)i (36) (40) (24) (24)

6 39.02 41.29 78.63 66.08 100 100 100 100 100 100
(36)  (48) (24)  (24) (20) (20)

10 97.12 54.56 91.90 82.62 100 100 100 100 100 100

(24)  (40) (18)  (20) (12) (14)

*Per cent hydrolysis.
t All figures in parentheses indicate time (hr).
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where T2= titration value of N/10 NaOH against 20 ml N/10 H,S04 and
F = factor of N/10 NaOH solution.

Percentage of hydrolysis is equivalent to amino nitrogen of hydrolysed
product and amino nitrogen in meal.

Sensory evaluation

The hydrolysed product was submitted to the taste panels for sensory evalua-
tion to monitor the flavour development using the 9-point hedonic scale with:
1—very poor, 3— poor, 5—fair, 7—good, 9—very good.

Results and discussion

Effect ofH C | concentration

The rate of amino nitrogen release (Table 2) increased with increasing HC1
concentration, however, the extent of the reaction was determined by the
temperature. At 37 and 60°C, the hydrolysis was not complete even at highest
HC1 concentration. At 125°C nearly all the amino nitrogen were released from
soybean protein (Table 2). The minimum condition used to obtain complete
hydrolysis was 4 n HC1 at 95°C and required 72 hr of reaction. Beyond this
condition a much shorter reaction time is needed to complete the reaction.

The two substrates used showed some variations in their reaction (Table 2),
with soybean protein appearing to be more susceptible to acid hydrolysis than
coconut protein. This is true for almost all temperatures used, except at 37°C
where coconut protein showed a greater degree of hydrolysis. It could be
possible that the free amino acid content in coconut meal was higher than in
soybean meal. The higher the concentration, the faster is the rate of hydrolysis.
These findings confirm those of Lawrence & Moore (1951). They found that the

Table 3. Effect of H,S04 concentration and temperature on the amino nitrogen released from
soybean (SB)and coconut (COCO) proteins (expressed as per cent)

Temperature (°C)

h,so4

concen- 37 60 95 110 125

tration

(n) SB COCO SB COCO SsB COCO SB COCO SsB coco
3 15.02 19.61 58.32 34.07 91.51 64.16 97.65 91.37 98.08 96.32
6 24.18 28.51 72.14 44.67 87.75 78.36 100 98.86 100 100
14 36.63 42.42 87.48 64.21 100 95.14 100 100 100 100
18 49.25 49.56 97.85 71.36 100 100 100 100 100 100

(24)* (48) (14) (20) (10) (12)

*All figures in parentheses indicate time (hr).
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rate of hydrolysis at any acid concentration depends on the concentration of
protein. On the other hand, the impurities consisting of fat (coconut 3.96%,
soybean 1.96%) and carbohydrate (coconut 54.12%; soybean 34.76%) could
have inhibited the reaction of the hydronium ion with the peptide of the protein.
This is probably the reason why coconut protein showed an apparent resistance
to acid hydrolysis.

Effect ofH2S 04concentration

Sulphuric acid and HC1 gave the same general reaction pattern. The rate of
hydrolysis (Table 3) increasd with increasing acid concentration. H2S 04 gave a
higher reaction rate than HC1 at all temperatures, except at 37°C. At 95°C, using
14 n and 18 n concentrations, hydrolysis of soybean protein was complete after
about 36 and 48 hr respectively. However, the hydrolysis reaction was accom-
panied by extensive degradation at high concentration and temperature.
Compared to soybean protein, coconut protein also showed greater suscepti-
bility to HC1 than to H2S04. At 95°C, the 18 n H2S 0 4was sufficient only to get
complete conversion of coconut protein to free amino nitrogen after 48 hr. At
110°C, a much higher conversion was obtained and was accompanied by amino
acid destruction.

Effect o ftemperature

The rate of hydrolysis of protein was greatly affected by temperature (Tables
4 and 5). As the reaction temperature was increased, the rate of hydrolysis also
increased. The effect of reaction temperature was more on the amino nitrogen
released from soybean protein than from coconut protein. But the reaction rate
was slower for soybean protein compared to coconut protein at 37°C. At a
higher temperature, however, soybean exhibited a faster rate of hydrolysis as
indicated by the rapid release of amino nitrogen. There was a higher correlation
between temperature and H2S 04concentration than between temperature and
HC1 concentration. This means that the catalytic effect of acids on protein
hydrolysis is proportional to the thermodynamic activity of the hydronium ion.

Table 4. Effect of temperature and time on the hydrolysis of soybean (SB) and coconut (COCO)
protein using 2N HC1 (expressed as per cent)

Tempera- 8hr 24 hr 36 hr 48 hr 72 hr

ture

(°C) SB COCO SB COCO SB COCO sB COCO sB coco
37 8.05 9.00 1192 1354 1423 15.33 16.80 17.87 20.95 22.17
60 25.23  17.96 33.15 31.17 42.55 34.67 49.97 37.69 59.32 42.25
95 39.67 28.01 59.85 52.28 6341 62.35 73.94 65.95 85.04 72.24
110 69.24 66.57 92.66 83.67 94.30 87.80 96.41 91.48 98.39 94.75

125 76.00 74.59 94.44 84.88 95.99 90.30 98.39 94.44 98.81 98.96
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Table 5. Effect of temperature and time on the hydrolysis of soybean (SB) and coconut (COCO)
proteins using 6 n H,S 04 (expressed as per cent)

Tempera- 8hr 24 hr 36 hr 48 hr 72 hr

ture

(°C) SB COCO sB COCO SB COCO sB COCO SB coco
37 1390 1531 17.38 19.60 1916 22.07 2119 2514 2418 2851
60 3251 25.36 4753 31.14 56.00 35.05 59.97 3849 72.14 44.67
95 6548 43.66 78.83 57.35 80.96 64.86 8530 71.17 87.75 78.35

110 8041 81.96 9495 93.12 97.27 96.96 98.65 97.49 100.0 98.86

125 86.27 85.26 96.78 92.15 98.79 97.35 100.08 99.68 100.0 99.94

Effect o f variables on the decomposition o famino acids

At high temperatures (110°C, 125°C), using high acid concentrations (10 n
HClor 14n, 18 n H2504) and a long period of reaction (48 or 72hr), the amino
acids were decomposed, so that total amino nitrogen obtainable from a protein
was slightly decreased (Tables 6 and 7). This has been attributed to the
secondary decomposition of amino acids. Also, the additional amount of
ammonia detected probably originated from the decomposition of tryptophan

Table 6. Decomposition of amino acids from soybean (SB) and coconut (COCO) protein
hydrolysates by HC1 (expressed as per cent)

110°C 125°C

SB CcocCoOo SB coco
Time (hr) 6n 10n 6n 10n 6n 10n 6n 10n
24 0.00 0.00 0.00 0.00 0.00 1.07 0.00 0.00
36 0.00 1.19 0.00 0.31 1.19 401 1.42 292
48 0.06 1.88 0.87 181 1.69 6.55 2.80 3.86
72 1.03 4.29 1.87 2.37 4.15 9.23 5.00 6.50

Table 7. Decomposition of amino acids from soybean (SB) and coconut (COCO) proteins by
H ,S 04 (expressed as per cent)

110°C 125°C

SB Ccoco SB Ccoco
Time (hr) 14n 18n 14n 18n 14N 18n 14n 18n
24 0.00 0.06 0.00 0.00 0.60 2.35 0.00 0.57
36 0.00 1.06 0.00 0.82 6.38 10.45 3.03 4.68
48 1.49 3.50 1.07 2.90 8.10 1331 5.24 6.96

72 4.08 8.50 271 3.85 1241 1542 6.25 8.01
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and cysteine. At a given temperature, the rate of decomposition increased with
increasing acid concentration and time of reaction. Between the acids used,
H 2S 0 4caused greater decomposition than HC1. Compared to soybean protein,
coconut protein showed more resistance to acid hydrolysis as indicated by more

Table 8. Regression coefficients for flavour developments

HC1 H,SO,

Coefficient!" Soybean Coconut Soybean Coconut
*0 7.33 5.45 7.15 4.78
*1 1.48 141 1.28 1.39
*2 0.29 0.31 0.26 0.33
*3 0.52 0.43 0.30 0.27
*11 - 0.28 0.10* -0.41 0.03**
*12 - 0.16 - 0.15 - 0.14 - 0.06*
*13 -0.25 - 0.25 - 021 -0.14
*22 -0.08 -0.09 - 011 -0.07*
*23 - 0.08 -0.06** -0.14 - 0.09
*33 -0.18 -0.15 - 0.12 -0.17 ...
*123 - 0.08 - 0.10 - 0.12 -0.08

*Significant at P - 0.05.
**Significant at P<0.05.
31- Temperature; 2 - time; 3- concentration.

Table 9. Analysis of variance of flavour development regression

HC1 h2so4
Source of variationt d.f. Soybean Coconut Soybean Coconut
Model 10 134.3 115.7 104.8 98.6
1 1 910.5 821.8 705.1 826.9
2 1 30.1 33.9 25.8 40.3
3 1 113.9 77.0 44.6 36.7
11 1 35.0 5.0* 75.8 0.3**
12 1 19.0 16.5 17.3 29.0*
13 1 56.4 59.1 51.0 22.1
22 1 3.9 5.0* 8.0 3.9*
23 1 5.6 3.2* 20.2 8.2
33 1 20.2 14.8 5.9 2.2%
123 1 10.9 17.4 30.8 16.2
Error 189 0.5 10 0.5 0.8
Corrected total 199 7.2 6.7 5.8 5.7
R1 0.93 0.86 0.91 0.87

*Significant at P = 0.05.
*Significant at /<0.05.
f 1= Temperature; 2 = time; 3 = concentration.
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drastic conditions to effect complete hydrolysis. The rate of amino acid decom-
position increased with the availability of amino acids and the presence of
oxygen in the atmosphere using a catalyst like H25 0 4.

Effect o f variables onflavour development

The hydrolysed soybean protein had a higher flavour score than the
hydrolysed coconut protein, either in HC1 or in H25 04 (Table 8). Statistical
analysis showed that all variables had a strong influence on flavour develop-
ment. The second order of temperature and concentration of H2S04 were
significant at P —0.05 (Table 9). Response surface of the effect of temperature
and time to soybean protein is shown by the maximum flavour score which was 9
for HC1 hydrolysed (Fig. 1) and 8.2 for H2S 04 hydrolysed (Fig. 2). Prolonged
hydrolysis time at high temperature (125°C) decreased the flavour score. For
coconut protein, the maximum flavour score was 8.6 for HC1 hydrolysed (Fig. 3)
and 7.3 for H2S 04 hydrolysed (Fig. 4), considering temperature and concentra-
tion effects.

Relationship offlavour development and amino nitrogen
The relation of flavour development and free amino nitrogen formed during

hydrolysis is shown in Figs 5 and 6. For treatments that did not reach complete
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Figure 1. Flavour development of soybean protein hydrolysate contours as function
of temperature and time (at 6 n HC1).
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Figure 3. Flavour development of coconut protein hydrolysate contours as function of
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Figure 4. Flavour development of coconut protein hydrolysate contours as function
of temperature and concentration of H,S04(at 40 hr).

hydrolysis, the regression line was close to the 45° line. This indicates a positive
correlation between flavour development and formation of free amino nitrogen.

For treatments that have attained complete hydrolysis there was also a
positive correlation between flavour score and the reduction of free amino
nitrogen. The flavour score decreased rapidly in relation to the changes of the
free amino nitrogen as indicated by the steep slope of the line. Apparently the
relationship is governed by the formation of decomposition products like
ammonia which imparts unfavourable flavour.

Comparison of the regression lines for soybean indicates faster flavour
deterioration in the HC1 treated sample as compared to those treated with
H2S 04. The reverse was true with coconut samples. The reason for the differ-
ence in behaviour is not obvious but a close look at the rate of hydrolysis
indicates that soybean is more susceptible to HC1 than to H2S 04 while it is the
other way around for the coconut meal.

The flavour development of hydrolysed coconut was very poor compared to
the hydrolysed soybean protein. This was expected considering that the flavour
being measured is associated with soybean protein hydrolysate. The inherent
differences in the composition of coconut and soybean meals are not only based
on the protein and amino acid content but on their fats and carbohydrates as
well which could affect flavour development. The flavour of hydrolysed protein
in samples which used HC1 were more favourable than those which used H2S04
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Figure 5. Relationship between flavour development and amino nitrogen on the rate
of hydrolysis of soybean protein by HC1 and H,S 04 Before complete hydrolysis: e,

HC1; x, H,S04. After complete hydrolysis: A. HC1; *, H,S04.

especially at a high concentration of acid and prolonged reaction time. Evalua-
tion of flavour development in hydrolysed soy product was complicated by a
large number of compounds formed during the reaction. Although, in general,
it followed the degree of hydrolysis of protein, it must be accepted also that as

the reaction proceeds, other side reactions are likely to occur.

Conclusion
Three variables of temperature, time and concentration of acid and its effect on

the rate of hydrolysis of soybean and coconut proteins are important and

interrelated.
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Figure 6. Relationship between flavour development and amino nitrogen on the rate
of hydrolysis of coconut protein by HC1 and H 250 4. Before complete hydrolysis:
HC1; x, H,S04 After complete hydrolysis: A. HC1; *, HS G4

The effect of HC1 concentration on the hydrolysis of protein was high at low
temperature (37°C, 60°C) compared to the effect of H2S 04 but lower at high
temperature (110°C, 125°C). There was a higher correlation between
temperature and H2S5 04 concentration than between temperature and HC1
concentration. This means that the catalytic effect of acids on protein hydrolysis
was proportional to the thermodynamic activity of the hydronium ion. The rate
of hydrolysis of soybean protein was greater than that of coconut protein
probably because the structure of coconut is more complicated than that of

soybean.

The percentage of amino nitrogen is at its maximum when acid hydrolysis of
the protein is complete. Using 6 n HC1, the complete hydrolysis of soybean
protein was reached after 36 hr at 95°C. On the other hand, it took only 24 hr to
complete the process when 18n H2S 04was used under the same temperature.

3
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Coconut protein exhibited some degree of resistance to hydrolysis. Using 10n
HC1 and 18 » H,S04in two separate tests, it took 48 hr to complete hydrolysis at
95°C.

H 2S 0 4 caused considerably greater decomposition of amino acids than HC1
during longer periods of reaction (48, 72 hr) with higher acid concentrations
(14 n, 18 n» H2504). The maximum values of decomposition of amino acids from
soybean protein using 10n HC1 were 4.29% at 110°C and 9.23% at 125°C. With
18» H25 04, the maximum values were 8.5% at 110°C and 15.42% at 125°C.
These values were obtained after a period of 72 hr. This explained more clearly
the greater effects on the relationship between temperature and H2S 04 than
between temperature and HC1.

It was also observed in this study that the flavour of the hydrolysed products
was enhanced when the amino acid content was increased. A correlation existed
between the development of flavour and the release of amino acids.
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Production of a food grade flour from defatted corn germ
meal

R. BARBIERI and E. M. CASIRAGHI

Summary

A defatted corn germ flour of good organoleptic and nutritional quality was
obtained by applying a milling and screening process to a commercial defatted
corn germ meal. The flour contains about 20% protein of good nutritional
quality, above 60% starch and minor quantities of fat (1.7%), fibre (3.3%) and
minerals (8.42%). The last are interesting for their content in potassium,
magnesium, iron and zinc. Heat effects on protein were evaluated in the
intermediate and final products of a commercial oil extraction installation. It
was found that the conditioning step sharply decreased protein solubility, while
protein digestibility remained substantially constant throughout the process.

Introduction

Defatted corn germ flour, the extraction residue of the corn oil industry, has a
protein content of 17-18% and a total carbohydrates content of about 65%.
Lipid contentis 1-2% and crude fibre about 8-10% (Peri & Barbieri, 1980). The
corn germ proteins are of good nutritional quality with a protein efficiency ratio
(PER) Value of 2.1, comparable to that of soya protein (Satterlee, Marshall &
Tennyson, 1979); EUD (enzymatic ultrafiltrate digestibility) is 67, which is
similar to, or higher than the values obtained from proteins of other vegetable
sources (Fidanza, 1978). Furthermore, defatted corn germ meal does not
contain major anti-nutritional factors.

In spite of these interesting qualities, defatted corn germ flour is entirely
destined to animal feeding, and very little has been done to promote its use in
food formulations (Restani etal., 1981; Blessin, etal. 1973).

Present availability and uses o fcorn in Europe
Figure 1shows data of corn availability (usable production plus imports minus
exports) in the major EEC countries in 1978-79 (FAO, 1979; Eurostat, 1980;
Authors’ address: Istituto di Tecnologie Alimentan, via Celoria 2, 20133 Milano, Italy.
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INEA, 1979; Assitol, pers. comm.). Figure 1lrepresents the sum of all the corn
used for animal feed stuffs and other uses such as brewing, the production of
flour grits and snacks and for use as seeds in agriculture. More detailed analysis
reported elsewhere (Riva, 1981) shows that corn availability in the same coun-
tries remained substantially stable during the last decade or showed a trend to a
limited growth. Concerning the quantities indicated as for ‘other uses’ they are,
for the most part, subjected to the separation of germ, which is destinated to the
corn oil extraction.

Figure 2 reports the com germ availability (FAO, 1979; Eurostat, 1980; INEA,
1979; Assitol, pers. comm.). Data are further differentiated according to the
technology of germ separation from the corn kernels: the wet process is applied
in the starch industry, while the dry milling process is applied for the production
of corn flour for human consumption. This differentiation is of practical interest
because only the corn germ deriving from the dry milling process can be used for
human consumption after the oil extraction. In fact, the corn germ obtained by
the wet milling process is unsuitable for food use due to the degradation of
organoleptic and nutritional quality following the steeping treatment.

A few conclusions may be drawn from the observation of Figs 1and 2. First,
only a very minor proportion of corn is actually degerminated. If all or most of
the corn available were degerminated it would lead to a substantial contribution
in terms of oil and protein availability. At present degermination of all available
corn is not practicable for economical reasons: high degermination costs, higher
value of whole kernels when used for animal feeding, low commercial value of
defatted meal. Changes in the oil exchange market and policies, and valuation
of defatted flour as a food ingredient might change the economic terms of this
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problem and make the degermination process profitable. Figures also show that
Italy may be particularly interested in the prospect considering the very high
consumption of corn in our country. For this reason corn germ flour has been
included in a list of possible sources of protein for food use in a research project
supported by the National Research Council (CNR) of Italy.

In this paper we report the results of studies carried out to evaluate the effect
of the corn oil extraction process on the nutritional and functional quality of
proteins in the defatted meal. A milling and screening procedure, which allows
elimination of the coarser fibrous fraction from meal, obtaining a human grade
flour of good nutritional and organoleptic quality, is presented.

Materials and methods

All data reported in this paper were obtained from germ separated according to
the dry milling process. Proximate analysis of germ products was performed in
duplicate. Moisture content was determined by drying to constant weight at
105°C, protein by macroKjeldahl technique using the nitrogen-to-protein
conversion factor 6.25 (AOAC, 1970). Ash was determined by heating at 550°C
overnight; an atomic adsorption spectrophotometer was employed for the
determination of minerals. Lipids were determined after extraction by diethyl
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ether in a Soxhlet apparatus (Giuliano & Stein; 1970). Wendee’s (1972)
method, modified by Cirilli (1972), was used for the determination of crude
fibre. Total carbohydrates were calculated as difference.

The determination of digestibility and the calculated protein efficiency ratio
(C-PER) calculation were carried out following the method of Satterlee
modified by Fidanza (Fidanza, 1978).

Results and discussion

Corn germ oil extraction process: composition and protein quality of the inter-
mediate andfinal products

An industrial oil extraction process was studied to evaluate the extent of the
degradation effects of the various process steps on protein fractions.

Table 1gives a flow sheet of the extraction process and the analytical charac-
teristics of the products at different stages of the process. The process does not
cause a significant degradation of the protein fraction:conditioning of the
flaked product, carried out at 100-105°C at high humidity determines a sharp
reduction of nitrogen solubility (NSI), but does not affect protein digestibility.
The following stages, including desolventization and toasting operations,
though carried out at relatively high temperatures, do not produce further
significant variations of protein solubility and digestibility.

Table 2 presents the mineral content of defatted germ meal. The mineral
composition is interesting from a nutritional point of view, particularly with
regard to potassium, magnesium, iron and zinc content.

Table 2. Defatted germ meal: mineral

composition

Minerals

P A (mg/100g) 124.0
Na  (mg/100g) 54
K (mg/100g) 945.0
Ca  (mg/100g) 185
Mg (mg/100g) 425.0
Fe  (mg/100g) 16.2
Mn  (mg/100g) 21
Zn  (mg/100g) 114
Cu  (mg/100g) 0.8
Co (mg/kg) 0.2
Ni  (mg/kg) 0.5
Pb  (mg/kg) 1.0
Cd (mg/kg) 0.1

Cr  (mg/kg) 0.5
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It may be concluded that the corn germ meal obtained as a residue of the
extraction process can be considered a valuable source of nutrients, particularly
of proteins of good nutritional quality.

Fractionation o f defatted germ meal

The main obstacle to the direct use of the defatted meal in food formulations
is due to the presence of fibrous fragments of the kernel tegument. They are
difficult to grind to sufficiently small dimensions and are perceived with an
unpleasant (sandy) sensation in the mouth. In order to eliminate the fibre
fragments and to increase the protein concentration, defatted meal was
subjected to a milling-screening procedure according to the scheme in Table 3.
The refined fraction, representing 70% of the defatted meal, has a lower crude
fibre content and a slightly higher protein and lipid content. This is due essen-
tially to the removal of the coarse fibre fragments. The flour obtained has good
organoleptic characteristics, is creamy white in colour, mild in taste and may be
considered perfectly suitable as a food.

A further paper reports the results of extrusion and cooking experiments
carried out on this material to produce expanded snacks (Peri, Barbieri &

Table 3. Fractionation of defatted germ meal

Moisture 9.5%
Protein 19.2% d.b.
Fat 1.4% d.b.
Corn germ cake .
g Crude fibre 45% d.b.
Ash 7.26% d.b.

Total carbohydrates 67.6% d.b.

Milling
Screening
(60 mesh)
I
i ¥
Coarse fraction (30%) Refined fraction (70%)

Moisture 8.5% Moisture 8.8%
Protein 16.7% d.b. Protein 20.2% d.b.
Fat 1.1% d.h. Fat 1.7% d.b.
Crude fibre 6.9% d.b. Crude fibre 3.3% d.b.
Ash 3.79% d.b. Ash 8.42% d.b.

Total carbohydrates 71.5% d.b. Total carbohydrates 66.3% d.b.
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Casiraghi, 1982). Several other uses in bread, baked products and nutrient
snacks have been succesfully experimented by food industries in the same
research project.
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Physical, chemical and nutritional quality of extruded corn
germ flour and milk protein blends

C. PERI, R. BARBIERI AND E. M. CASIRAGHI

Summary

An expanded nutrient snack was prepared by extrusion cooking of defatted corn
germ flour added with increasing amounts of milk proteins. Two extrusion
temperatures (150 and 170°C) were considered. Physical, chemical and nutri-
tional characteristics of the final product were evaluated. The products extruded
at 150°C showed better expansion and crispness than the ones obtained at
170°C. A small addition of milk protein (5%) improves the organoleptic charac-
teristics of the extrudates produced at 150°C. On the contrary the addition of
milk protein has a negative influence on the product expansion and consistency
of the samples extruded at 170°C.

Introduction

Defatted corn germ flour, the extraction residue of the corn oil industry, is at
present entirely used for animal feed. However its use as a food ingredient has
been often proposed, particularly considering its content in protein (15-30%) of
good nutritional quality (Blessin etal., 1972; Blessin etal., 1973). Direct use of
this by-product in food formulations is unlikely because of its high fibre content
and generally poor hygienic conditions.

In a previous study (Barbieri & Casiraghi, 1983) a product mild in taste and
flavour, of well balanced composition and of good nutritional quality was
obtained by eliminating the coarser fibrous constituents by a milling-screening
process. It was demonstrated that extrusion cooking could substantially
improve the organoleptic and hygienic quality of defatted corn germ flour,
making it suitable for the use in food formulations (Peri & Barbieri, 1980).

This work has been carried out to optimize the extrusion cooking operation,
i.e. maximize expansion and crispness, minimize heat damage of nutrients. To

Authors’address: Istituto di Tecnologie Alimentari, via Celoria 2, 20133 Milano, Italy.
0022-1163/83/0200-0043 $02.00© 1983 Blackwell Scientific Publications
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improve the physical and nutritional quality of the extruded product, the corn
germ flour was supplemented with corn starch and milk proteins.

Corn meal has been supplemented with soy flour and dry milk (Anderson et
al., 1969; Anderson et al., 1971) and with whey product and soy flour and
isolates (Aguilera & Kosikowski, 1978) and then extruded. Sensory and func-
tional properties of extruded corn soyblends have been studied by Maga &
Lorenz (1978).

Materials and methods

For the extrusion cooking experiments the blends shown in Table 1 were used.

Table 1. Composition of blends

Blends
Ingredients A B c D
Defatted corn germ flour (%) 85 8 85 8
Milk protein (%) - 5 10 15
Native corn starch (%) 15 10 5 -

Native corn starch (type: Globe 03401) obtained from an industrial wet
milling process (Fragd S.p.A., Italy) was used in the mixtures. Milk proteins,
purified by an ultrafiltration process were provided by the firm ‘La Prospérité
Fermiere’ (LPF, France; Type: Prospe L801). Defatted corn germ flour (85% in
each blend) was obtained with a milling-screening procedure (Barbiéri &
Casiraghi, 1983). As expected the composition of the blends mainly varied for
the protein :starch ratio, the concentration of all other components (fat, fibre,
ash and moisture) being essentially the same (Table 2).

Table 2. Analytical composition of ingredients and blends

Carbo-
Protein Fat Fibre Ash hydrates
Moisture (g/100g (9/100g (9/100g (9/100g (9/100g
(g/100g) d.b.) d.b.) d.b.) d.b.) d.b.)
Ingredients
Germ 8.8 20.2 17 33 8.42 66.3
Milk protein 7.8 85.2 0.9 - 142 125
Starch 9.1 - - - 0.13 99.9
Blends
A 74 16.8 16 2.8 7.05 717
B 81 20.5 17 2.8 7.32 67.7
C 8.2 24.8 18 2.8 7.44 63.2
D 7.2 285 18 2.8 7.68 59.2
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Table 3. Chemical characteristics and biological quality of ingredients and blends proteins

Milk
Total protein/ Protein Available
protein  total digesti- lysine
(9/100g  protein Chemical  bility (9/100g NSI
d.b.) (%) score (%) C-PER d.b.) (%)
Ingredients
Germ 20.2 - 70 71.8 20 0.53 20.8
Milk protein 85.2 - 9% 90.1 2.7 3.94 77.1
Blends
A 16.8 - 70 71.8 20 0.53 20.8
B 20.5 23 80 78.7 25 0.65 32.2
C 24.8 36 86 81.0 24 0.81 39.6
D 285 45 a1 84.1 25 0.89 45.0

The chemical characteristics and the oiological quality of proteins are shown
in Table 3. The biological quality of proteins as well as available lysine and
nitrogen solubility obviously increase by increasing the amount of milk proteins.

Extrusion cooking was carried out using a double-screw Creusot-Loire BC 45
extruder (die diameter 5 mm, barrel L/D 600/55 mm). Screw rotation speed was
constant at 150 rev/min; process temperatures in the barrel were 150 and 170°C
and feed material moisture was 18%. Feed rate of material was ranging from 35
to 48 kg/hr.

Analytical methods

Moisture. Determined by drying to constant weight at 105°C.

Ash. Determined by dry ashing at 550°C; minerals were determined by
atomic absorption spectrophotometry.

Protein nitrogen. The nitrogen to protein conversion factor used was 6.25
(AOAC, 1970).

Lipids. After extraction by diethyl ether in a Soxhlet apparatus (Giuliano &
Stein; 1970).

Crudefibre. Wendee’s method (Cirilli, 1972).

Total carbohydrates. Calculated as difference.

Nitrogen solubility index (NSI). AOAC method (1970).

In vitro digestibility. The determination of digestibility was carried out by in
vitro proteolysis (Satterlee, Marshall & Tennison, 1979).

Available lysine. Carpenter’s method (1960).

Expansion ratio. The degree of expansion of the extruded product was
calculated by the ratio, extruded product diameter :die orifice diameter; expan-
sion was evaluated as an average of ten measurements.

Textural proprieties. Texture of the experimental material was evaluated
using an Instron universal testing machine (Model TM, Instron Engineering
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Corp., U.S.A.)- A Werner Bratzler shear was used to evaluate shear force. The
sample was inserted into a triangular opening in the blade between two rec-
tangular bars. Ten samples from each experiment were tested. Shear force was
measured by height of peaks; crosshead speed was 20cm/min and full scale
deflection 10 kg.

Gelatinized starch. The degree of starch gelatinization is defined as the ratio
of gelatinized and total starch in the product. This was calculated from spectro-
photometric measurements at 600 nm of the starch-iodine complex formed in
an aqueous suspension of the sample before and after complete solubilization
of the starch by alkali (Watton, Weeden & Munk, 1971).

Water absorption index (WAI). The water absorption index is the weight of
gel obtained per gram of dry sample. The method we have applied is a modifica-
tion of the method of Anderson etal. (1969) to measure the swelling power of
starch.

Viscosity. Viscosity measurements were carried out on a 40% aqueous
suspension of the extruded materials, at 20°C, using a MLW-VEB Prugerate-
Werk viscometer.
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Figure 1. Effect of protein content on expansion ratio and shear stress (kg/cm32. «,
Blends extruded at 150°C; A, blends extruded at 170°C.
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Results and discussion

Physical and functional proprieties

Figure 1reports the expansion ratio and a measure of hardness (shear stress
necessary to cut the sample in the Instron apparatus) ofthe extruded products as
a function of total protein content. As it is evident from the osbervation of the
curves, the two parameters show an almost symmetrical and opposite variation.
This simply means that the hardness of the samples is greater the less expanded
they are.

In general, a strong positive correlation exists between acceptability of the
extruded product and its crispiness, which is in turn positively correlated to the
degree of expansion. The following conclusions can be therefore drawn from
data reported in Fig. 1:

(1) Samples obtained at 150°C are consistently better than samples obtained at
170°C.

(2) At the higher temperature, expansion decreases (and hardness increases)

with increasing protein content, while at 150°C a maximum value of expan-
sion was obtained at an intermediate protein concentration.
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Figure 2. Effect of protein content on water absorption index (WAI) and on starch
gelatinization degree. ¢, Blends extruded at 150°C; A, blends extruded at 170°C.



48 C. Peri, R. Barbieriand E. M. Casiraghi

Figure 2 shows the variability of the water absorption index (W Al) and of the
degree of starch gelatinization. In all cases, at both 150 and 170°C these values
show a maximum, corresponding to the lowest addition of milk proteins.

Figure 3 shows the rheological behaviour of the suspensions in water of the
extruded samples. For purpose of comparison Fig. 3 also reports the data
obtained from the non-extruded blends. As it clearly appears from the osberva-
tion of the graphs, extrusion determines a substantial increase of viscosity at all
shear rate values and a change from a newtonian to a non-newtonian, i.e.
pseudoplastic, behaviour. This result is the consequence of the heating effects
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Figure 3. Shear stress (« ) versus shear rate (dv/dl) of different blends before and
after extrusion, (a) 0,0, A, V,Blends A, B, Cand D before extrusion T,

blends A, B, C and D extruded at 150°C. (b) , m. A, Vv, Blends A, B, C and D
extruded at 170°C.

on the structure and properties of the various constituents; particularly protein
and starch. The starch gelatinization and a mild protein dénaturation increase
starch and protein affinity for the water phase and promote inter-molecular
bonds. This results in macromolecular aggregates which interfere in the flow
behaviour of the suspension. On the other hand excessive heating, causing a
greater dénaturation of the constituents, particularly proteins, depresses the
above mentioned phenomena as it is evident comparing the rheological
behaviour of the samples obtained at 170°C with those obtained at 150°C.
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The consistency of data presented in Figs 1, 2 and 3 allows to draw clear
indications on the extrusion cooking effects on physical parameters, which can
be so summarized:

(1) Considering the effects of extrusion temperature, data show significant
differences. In samples obtained at 150°C all parameters related to the water-
product interactions (the starch gelatinization degree, the W A, the viscosity of
water suspension) show greater values. All these parameters are directly related
to expansion and crispiness of the product, and hence to its palatability.
W hatever the explanation, these findings are of significant practical interest.
(2) Concerning the milk protein addition the comparison of data is consistent.
At 170°C the addition of milk proteins has negative effects on starch gelatiniza-
tion, water absorption (also resulting in lower viscosity of suspensions) and
expansion. The higher the milk protein concentration, the harder the extruded
products are. In contrast, at 150°C a small addition of milk proteins (Sample B)
clearly improves the organoleptic characteristics of the extruded products.
Starch gelatinization, viscosity of the water suspension, expansion and crispi-
ness are all increased. Higher milk protein concentrations cause a decrease of all
parameters as well as of organoleptic acceptability.

Biological quality evaluation

Lysine availability, NSI and in vitro digestibility of protein, were evaluated to
study the influence of the extrusion cooking process on the biological quality of
protein; data are reported in Figs 4, 5 and 6. Available lysine (Fig. 4) and
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Figure 4. Available lysine of the different blends before and after extrusion. . Not
extruded blends; ¢, blends extruded at 150°C; m, blends extruded at 170°C.
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Figure 5. Nitrogen solubility index (NSI) of the different blends before and after
extrusion. ¥, Not extruded blends; ¢, blends extruded at 150°C; m. blends extruded
at 170°C.

nitrogen solubility index (Fig. 5) show a similar pattern of variation. Both
parameters increase by increasing protein concentration as the obvious conse-
guence of the increase of milk protein content. Extrusion determines a decrease
of both parameters, this effect being substantially greater at higher tempera-
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Figure 6. Protein digestibility of the different blends before and after extrusion. T,
Not extruded blends; ¢, blends extruded at 150°C; m, blends extruded at 170°C.



Extrusion cooking ofcorn germ blends 51

ture. It is interesting to observe that protein of Sample A (no milk protein
added) are more stable to heating effects. The addition of milk protein powder
which also brings small amounts of lactose in the blends certainly results in an
increase of heat damage due to the incidence of Maillard reactions.

These results, however related to the specific extrusion plant used in our
experiments, are representative of more general trends. De Muelenaere &
Buzzard (1969) studied the availability of lysine in full fat soy and in mixtures
containing soy, skim milk powder and cereal. No destruction of available lysine
occurred when full fat soybeans were extruded; conversely available lysine was
reduced by 28% during extrusion of products containing skimmed milk.

In an extensive study of the problem (Riva, 1981) we have found similar
behaviours using a single-screw laboratory extruder. The only significant differ-
ence with the findings reported in this paper was that expansion and organo-
leptic quality reached a maximum at a higher milk protein content, i.e. about
36% of total protein.

Contrary to the variation of available lysine and NSI, the expansion process
determines an increase of protein digestibility. The overall effect of extrusion on
this parameter results from the consequences of heating on protein denatura-
tion and on browning reactions. At 150°C lower denaturation and browning
results in higher digestibility than at 170°C. The benefit diminishes in the
presence of increasing amounts of milk protein due to the increasing incidence
of the browning reactions.

Conclusions

An expanded product mild in flavour, crisp in texture, suitable for the produc-
tion of nutrient snacks may be obtained by extrusion cooking of defatted corn
germ flour.

Both organoleptic and nutritional qualities are improved by the addition of a
small amount of undenatured milk protein. In our case milk proteins account for
about 23% of the total protein content.

The extruded products obtained at 150°C have better physical organoleptic
and nutritional characteristics than those obtained at 170°C.
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Influence of storage on the quality of maize meal for tortilla
making

O. PAREDES-LOPEZ* and R. MORA-ESCOBEDO

Summary

No studies have been previously reported on the effects of storage on the quality
of limed maize meal. The aim of this work was to study changes in the quality of
limed maize meal for tortilla making during accelerated storage conditions. The
limed meal was stored at four relative humidities (55, 62, 75 and 83%) for 10 to
90 days, using a storage temperature of 35°C. The parameters fat acidity,
insoluble residue protein, available lysine, in vitro digestibility and protein
efficiency ratio were investigated. Major alterations of these parameters
suggested that storage had profound effects on the meal quality. Sensory
attributes of tortillas prepared with the stored meal further confirmed that
storage was responsible for quality deterioration.

Introduction

In terms of volume, maize is the most important grain produced in Mexico.
Maize also represents the most important food source. About 56% of the total
calories (2575 cal/day per person), and 47% of the total protein (76.5 g/day per
person) in the average diet are provided by cereals and especially by maize. In
the rural areas the consumption of maize provides about 70% of the calories and
about one half of the proteins (Paredes-Lopez & Gallardo, 1981; Ramirez-
Hernandez & Chavez, 1981). It is noteworthy that in some southern regions of
the U.S.A ., the tortilla making process is also quite popular (Martinez-Herrera
& Lachance, 1979).

Research studies have shown that during the liming of maize, losses of some of
the nutrients take place, but what is most interesting is the increase of amino
acid availability, and in general the marked improvement of the overall quality
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of maize (Bressani, Paz y Paz & Scrimshaw, 1958; Cravioto etai, 1945). It has
also been observed by scanning electron microscopy that in the tortilla making
process, liming produces important structural alterations of the maize kernel
(Paredes-Lopez & Saharopulos, 1982). The use of industrially produced limed
meal for tortilla preparation, and similar products, is gaining widespread accep-
tance. At present, about 8% of the total amount of maize consumed for tortilla
making goes to twelve industrial plants for preparation of limed maize meal.

The purpose of this work was to study changes in the quality of limed meal
during short-term accelerated storage. It seems that no studies have been
published so far on this specific topic.

Materials and methods

Sample

A commercial white dent maize hybrid (Zea mays L.) was used throughout
this work. The treatment of maize kernels for the production of limed meal was
carried out at one of the industrial plants of CONASUPO — the government
owned food corporation.

Storage conditions

Portions of limed maize meal were placed into storage desiccators containing
saturated salt solutions, to produce environments with relative humidities (r.h.)
ranging from 55-83%. The four salts used, and their corresponding relative
humidities, were: NH4N 03, 55%:; NaNO02, 62%: NaCl, 75%; and KC1, 83%
(Rockland, 1960). The desiccators were kept in a constant temperature cabinet
at 35°C for 10 to 90 days. The conditions used for storage represent some of the
climatological conditions of the country. The presence of an arrow in some of
the figures indicates that, at that particular storage condition, the maize meal
sample showed definitive evidence of mould growth.

Analytical methods

Protein content was determined by amicroKjeldahl method and fat acidity by
titration with KOH (AOAC, 1975).

Protein solubility

The fractionation of maize proteins was carried out as described by Landry &
Moreaux (1980), with some modifications. For this purpose, 10g meal and
100 ml extractant were used. The 1hrextraction was performed in a reciprocat-
ing shaker. In each case the extraction was repeated using 30 min of shaking.
The solid material was isolated from extractants by centrifuging at 20000g for
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25 min. The extraction was as follows: Step 1, 0.05 MNaCl; Step 2, HzO; Step 3,
55% isopropyl alcohol (w/w) with 0.6% of 2-mercaptoethanol (v/v). After
extracting albumins + globulins (Steps 1 + 2), and zeins + glutelins (Step 3),
variations in the amount of remaining (residue) protein were followed very
closely.

Protein quality

Available lysine was determined by the fluorodinitrobenzene (FDNB)
method (Booth, 1971). The overall coefficient of variation for available lysine
determinations was 11.1%. The in vitro digestibility of protein was measured by
the multi-enzyme system of Hsu etal. (1977). The multi-enzyme system consists
of trypsin, chymotrypsin and peptidase. The standard deviation was + 0.82.

Six male weanling rats, 22-23 days old weighing 27-28 g, were used in each
determination of protein efficiency ratio (PER). Protein levels in all maize meal
diets were adjusted to 9%. The casein diet was a standard diet. PER values
reported were adjusted with reference to the standard PER ofcasein 0f2.5. The
overall standard deviation was +0.30.

Sensory tests

Organoleptic quality of tortillas made with the stored meal was evaluated by a
five member taste panel. Flavour, colour, aroma, texture and consistency were
rated on a hedonic scale of 1-5 where 5 was rated ‘excellent’. Data for each
parameter are reported as the mean of five observations. An overall rating of
tortillas was made as to whether they are acceptable or unacceptable.

Results and discussion

Hydrolytic changes in lipids during storage were followed by determining fat
acidity values. The fat acidity showed a general tendency to increase at the four
relative humidities and 35°C used for the storage study (Fig. 1). The most
dramatic change occurred at the r.h. of 83%; the fat acidity of the sample taken
after 2 months of storage at 83% r.h. increased from 19 to about 155 mg
KOH/IOOg meal. Determination of free fatty acids during storage of cereal
grains gives a good indication of quality changes (Baker, Neustadt & Zeleny,
1959). Lai & Varriano-Marston (1980) also found that during short-term storage
of millet meal noticeable amounts of fat acidity were produced.

The protein solubility experiments were carried out only with the meal stored
at the r.h. of 55 and 75% (Fig. 2). The percentage of residue protein increased
notably during the first 60 days of storage. The unextracted protein remained
constant after this time. Production of oxidizing agents during storage may act
on proteins, especially on sulphur amino acids, and give as a result a lower
protein solubility (Shimada & Matsushita, 1978).
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Figure 1. The effect of storage of limed maize meal on fat acidity (the arrow indicates
visual evidence of mould growth). 0,55% r.h. at35°C;#,62% r.h. at 35°C; j11,75%
r.h. at 35°C; B,83% r.h. at35°C.

The availability of lysine is one of the critical factors determining the protein
nutritional value of tortillas. Figure 3 presents the influence of the storage
conditions on availability of lysine in limed maize meal for tortilla making. The
initial content of available lysine of the unstored sample (2.79g/100g protein)
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Figure 2. The effect of storage of limed maize meal on the residue protein, 0. 55%
r.h. at35°C; O, 75% r.h. at35°C.
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Figure 3. The effect of storage of limed maize meal on the availability of lysine (the
arrow indicates visual evidence of mould growth). Key as for Fig. 1

decreased more than 47% after 60 days of storage at all relative humidities
tested. The reaction of the epsilon amino group with various substances, such as
sugars or amide groups of other amino acids, notably decreased the available
lysine. And as suggested by J. Whitaker (pers. comm.), there could also be losses
due to addition to dehydroalanine produced by the alkaline conditions.
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Figure 4. Changes of in vitro digestibility during storage of limed maize meal (the
arrow indicates visual evidence of mould growth). Key as for Fig. 1
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The digestibility of a food protein is the primary determinant of the availa-
bility of its amino acids. Thus, in vitro digestibility studies of the stored meal
were carried out as reported in Fig. 4. Increases of relative humidities produced
further decreases of digestibility; at 55% r.h. and 90 days of storage the digesti-
bility decreased from 79 to 76%, while at 83% r.h. and same time of incubation
this parameter was reduced to 71%. It is also worth noting that most of the
deteriorative effect, as measured by the protein digestibility, was produced
during the first 60 days of meal storage.

The PER changes during maize meal storage are presented in Fig. 5. The most
marked decrease occurred at the r.h. of 75% and 60 days of storage; PER
decreased from 1.40 to 0.87. These data suggest that important detrimental
reactions of the protein quality are taking place under the storage conditions
used in this study, in agreement with the results presented in previous figures.
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Figure 5. Changes of protein efficiency ratio during storage of limed maize meal. Key
as for Fig. 2.

The deteriorative effects of the storage were reflected in the organoleptic
properties of the tortillas prepared with the meal stored at the r.h. of 55, 62 and
75% (Table 1). The sample stored at the r.h. of 83% was not used for these
sensory tests because of its potential content of mycotoxins. As indicated in
Table 1, there were no significant differences in the aroma of tortillas for all
samples tested. Tortillas made from the sample stored at 75% r.h. were rated as
unacceptable.

The fatty acids produced during the meal storage might contribute to the
reduction of protein solubility noted in this study, as suggested by Shimada &
Matsushita (1978). The deterioration of lipids may cause changes in the form by
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Table 1. Sensory properties of tortillas prepared with maize meal stored at 35°C for 60 days (All
data are the mean of five replicates)

r.h. (%) Flavour* Colour* Aroma* Texture* Consistency* Overall rating
Control 4.2C 4.0b 2.8a 3.2ab 3.&b Acceptable
55 3.8hc 4.0b 2.4a 3.6ab 3.6ab Acceptable
62 3.8hc 3.0a 2.6a S.035 2.8ab Acceptable
75 2.4a 2.8a 2.4a 2.2a 2.4a Unacceptable

*Organoleptic properties were rated on a hedonic scale of 1-5, where 5= excellent quality and
1= unacceptable quality.
a_cMeans with the same letter(s) are not significantly different {P< 0.05).

which lipids are bound to proteins, and it may also accelerate the aggregation of
proteins. Formation of hydrophobic interaction and formation of aggregates
caused by cross-linking produced through the Maillard reaction are also
probably taking place, and that might also result in the decrease of protein
solubility. These assumptions require further work.

Interestingly, no drastic changes of available lysine took place between 60 and
90 days of storage for all relative humidities tested. The loss of nutritional
properties of the stored maize meal was reflected in the decrease of in vitro
digestibility and PER values. Moreover, the final and most interesting evidence
of maize meal deterioration in storage was observed in the sensory tests of
tortillas. Important changes in the organoleptic quality of tortillas took place at
60 days and 75% r.h., which did not correspond at that storage condition to
equivalent variations of some of the parameters investigated in this work, such
as fat acidity and available lysine content. This study shows the difficulty in
explaining the causes of changes in food quality unless one studies all the
degradation reactions which are taking place.

It needs to be pointed out that most of the unwanted reactions took place
during the first 60 days of storage; reactions that were accelerated by high
relative humidity and temperature. It is estimated that quite frequently no less
than 2 months are required for the limed maize meal to reach the final consumer;
and r.h. of 75 or 83% (or even higher) with high ambient temperatures are
common in some regions of the country. Thus the alterations of nutritional and
functional properties found in this storage work require further considerations
by those involved in food distribution programmes. It seems that there are no
previous storage studies of maize meal (or maize kernel) in relation to effects on
nutritional and functional properties of tortillas made from this meal. It is
believed that research studies along this topic deserve further attention.
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Prediction of thiamine content in convective heated meat
products

CHRISTINA SKJOLDEBRAND,* A. ANAS,* R. OSTEtana P. SJODINt

Summary

It is reported that thiamine isone of the most heat labile water soluble vitamins.
It is therefore important to control the destruction of this vitamin during
heating, reheating and keeping warm of different food items.

In this study the kinetics of thiamine degradation in ground meat were
determined. The losses during roasting of a minced meat loaf under different air
conditions in a forced convection oven were calculated by computer simula-
tions. The actual losses were analysed by a chemical method. The kinetics were
found to be approximately of first order. The time-temperature curves and the
thiamine degradation in the loaves roasted under fairly mild conditions were
easier to predict than the ones roasted at higher air temperature. This is partly
due to the formation of the crust which has different thermal properties and
gives different chemical changes from the inner parts of the loaf. The humidity
and the velocity of the air does not effect the crust formation as much as the air
temperature. This fact limits the prediction of thiamine degradation to lower air
temperatures.

Introduction

To be able to optimize food processes, mathematical models for predicting what
happens in the product during processing have to be made. In such models the
dependence of the products on the environment have to be considered. When
the process involves heating or cooling the equations of the model controlling
heat and mass transfer include thermal properties of the product. Thus, these
properties must be determined. Furthermore chemical, microbiological and

Authors’ addresses: *Division of Food Engineering, P.O.B. 50, S-23053 Alnarp, Sweden, and
tDivision of Applied Nutrition, P.O.B. 740, S-22007 Lund, Lund University, Lund, Sweden.
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enzymic reactions will take place during the process and the model should
describe some of these reactions. This means that the kinetics have to be known.

Thiamine is one of the most heat labile water soluble vitamins. The losses
during reheating and keeping warm of foodstuffs may be considerable (Ang et
al., 1975, Kahn & Livingstone, 1970). Up to 75% losses have been found in
restaurant handling of vegetables (Lang, 1970). Texeira and co-workers (1969,
1975a) and Manson, Zahradnik & Stumbo (1970) estimated the thiamine losses
in sterilized cans by means of computer simulations. In these studies time-
temperature relationships of the heating process were determined and the
thiamine losses were calculated assuming a first order reaction of thiamine
breakdown.

In these studies it was assumed that the surface temperature of the cans
immediately reached the surrounding temperature. Texeira, Zinsmeister &
Zahradnik (1975b) improved the computer program by varying the surface
temperature with time.

The investigation here reported was carried out as part of a larger project
where convection roasting and reheating of ground meat products were to be
optimized. Parameters monitored were process time, colour of the crust, weight
losses, sensory properties and thiamine content after processing at different
velocities, temperatures and humidities of the air (Skjoldebrand, 1979). In this
study, the kinetics of thiamine degradation in minced meat were determined.
The losses during roasting of a ground meat loaf were then calculated by
computer simulation. The actual losses were determined by achemical method.
The calculated and analysed values showed good agreement when the air
conditions were fairly mild.

Materials and methods

Basic considerations (Jen, Manson & Stumbo, 1971)

The degradation of thiamine in ground meat products has been found to
follow a first order reaction. This means that the reaction rate and thus thiamine
content can be calculated from the following equation (Farrer, 1955)

d
_y = k(bO-y) (1)
dr

where b0 is the concentration at the start and k is reaction rate constant.
Integration of Equation (1) gives

log bo k XT
b 2.303 @)

where b is the concentration of thiamine at time r.
The reaction rate constant, k, can be calculated from the following Arrhenius
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equation

Ea 1
log k = - X — +B (3)
2 .303xR T
where T is the temperature, Eais the activitation energy, B is an integration
constant and R is the gas constant.

Thus the reaction rate constant depends on temperature. Plotting logbjb ina
diagram against time at constant temperature the inclination gives the reaction
rate constant at actual temperature.

W hen describing the time-temperature influence of the reaction, it is often
convenient to translate it into terms of equivalent time at a reference tempera-
ture. This is very common when describing microbiological destruction in heat
sterilization where this time is called the F value. The F value is referred to 121°C
(250°F). For chemical and nutritional reactions the reference temperature is
often 100°C and the time iscalled the cook value (C value). In this way Equation
(2) becomes

b0 C

log — (4)
b D

where D (= 2.303/k) is the time for a 90% reduction of the vitamin content at
100°C (the decimal reduction time). The temperature dependence of D is
calculated from Equation (3).

If log D is plotted in a diagram against temperature the Zcvalue is defined
as the temperature raise needed to decrease the decimal reduction time ten
times for a known reduction. The Zcvalue can often be assumed as constant for a
specific reaction in a specific product. In this case the temperature dependence
may be expressed by

Di t2- tl
log (5)
D, Zc
If the meat loaf is divided into a numbers of sections the remaining vitamin
content in the entire meat loaf after processing must be equal to the sum of the
content in each of these parts. The time-temprature relationship in each section
can be simulated by means of the Fourier equation:

91 92

X — -
9t dx2
calculated for the actual geometry of the product and the appropriate boundary
conditions.

Using Equation (4) for each section the following relationship is given for unit
volume

(6)

1 x10~CD=_f — dv (7)
J o

(o]
In this way the integrated cook value over the whole loaf may be determined.
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Heating procedure

A mixed ground meat product was used consisting of meat, potato starch and
bread crumbs. The recipe was similar to one used in the food industry (Skjolde-
brand & Olsson, 1980). The mixture was formed into a loafwith the dimensions
200 x 50 x 50 mm. The loafwas placed in a teflon coated net cage and roasted in
a specially designed convection oven made for purposes of investigation
(Skjoldebrand & Oste, 1977). The temperature in the product was measured by
means of chromel-alumel thermocouples. One thermocouple was placed in the

Table 1. Chosen air conditions when heating meat loaves

Chosen air condition

Air velocity (m/sec) Air temperature (°C) Air humidity* for thiamine analysis!
3 150 d 1
h
225 d 6
h
300 d
h
5 125 d 2
h
150 d
h
225 d
h
300 d
h
7 150 d
h
225 d 5
h
300 d
h
9 150 d 3
h
225 d
h
300 d 4
h

*d, ‘Dry’ air (0 kg water/kg dry air)’ h, humid air (1.3 kg water/kg dry air).
tThe figures in this column are the procedures referred to in the text.
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centre of the product and the others at different distances from the surface. The
temperature on the surface was measured by means of an IR-pyrometer
(Raytek Thermalert LC-814) (Skjoldebrand, 1979).

The meat loaf was placed in its net cage in the oven with the short side of the
loaf towards the air stream. In this way, due to the size of the product, the
temperature in the centre when reaching 70°C, was only influenced by the heat
transfer from the long sides (Skjoldebrand, 1979). The product was tempered to
+ 5°C and weighed, before heating. When the temperature in the centre
reached 70°C the heating was stopped and the loaf was taken out of the oven,
weighed and frozen in plastic pouches in liquid nitrogen 3 min later. It was
stored for 4 weeks in the freezer before itwas analysed for thiamine content. Ina
separate program the air conditions were varied according to Table 1. From
these, six different combinations were chosen in a way that a variation air
temperature, air velocity and air humidity could be covered (Table 1).

Thiamine analysis

A 1cm thick slice from the middle of the frozen meat loaf (Fig. 1) was taken
out for thiamine analysis. The piece was homogenized with distilled water in an
‘Omnimixer’. From the homogenate three individual samples were analysed.
Three samples from homogenized raw meat were analysed at the same time.
The thiamine was analysed by the thiochrome method according to the Associa-
tion of Official Analytical Chemists (1970).

Kinetics o fthiamine degradation

Frozen raw minced meat was homogenized together with 40% distilled water.
The obtained meat purée was transferred to small glass tubes (7 x 120 mm)
which were sealed with rubber plugs. The tubes were then placed in a water bath
held at constant temperature (+0.1°C) for various lengths of time (70.5°C:
120, 240, 420 min; 85.0°C: 180, 270, 390 min; 98.0°C: 75,180, 300 min). Using a
thermocouple in the centre of the glass tube, it was found that temperature
equilibrium at all temperatures was reached within 90 sec. After holding time,
the tubes were immediately cooled in an ice bath and analysed for thiamine. At
each time and temperature, three individual analyses were performed.

I cm slice for
analysis of thiamine content

Mi

Icm
calculation piece

n

Figure 1. The meat loaf. A 1cm slice in the centre was cut out for thiamine analysis.
The calculated values were integrated over this slice.

5
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Computer simulation

A computer program was made to simulate the temperature in a 1cm thick
slice in the middle of the meat loaf at different times during the roasting period
(Fig. 1). Equation (2), (3) and (6) were used for predicting the thiamine content
and the integrated cook values. The vitamin content was calculated at different
places in the piece at different times. The cook value was calculated
simultaneously.

The Zcvalue was calculated separately using Equation (5) and assuming that
the Zcvalue is constant. Knowing the surface temperature as a function of time
from each heating operation the heat resistance 1/Bi and the Biot number
(Bi = (a x d)/X) were calculated. The Fourier equation for an intersection
between two infinite slabs was used to simulate the time-temperature curves in
the centre slice and at different distances from the surface (Carslaw & Jaeger,
1959). It was assumed that heat was transferred only from the four long sides.

Programme inputs were: maximum heating time; start temperature in the
product; oven temperature; time intervals (number of calculations); number of
sections in the product (Fig. 1); time intervals between printing of results; heat
resistance (1/Bi = k/(a x d);half the thickness of the loaf (d) ; thiamine content
in raw product.

The thermal diffusivity and the thermal conductivity used in the Fourier
equation were taken from another investigation where thermal properties of
ground meat products were estimated (Sorenfors & Dagerskog, 1978).
Knowing the fat and water content (Skjoldebrand & Hallstrom, 1980) the
following equation for calculating the Fourier number (Fo) was used:

0.142 x 1CT6+ 0.65x1CPO[(/ +t0]/2 - 50 x r
0=

d

The simulations and calculations were made for each of the six products roasted
in the convection oven.

(8)

Results

Kinetics o fthiamine degradation

A plot of In(thiamine retention) versus time gave straight lines as shown in
Fig. 2 at all three temperatures, indicating a first order reaction under the

Table 2. Rate constants of thiamine breakdown in
minced meat, assuming a first order reaction

Temperature (°C) Rate constant (min'J)
705 139 x HK4
85.5 12.44 x 104

98.0 2511 x 1Q“4
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Figure 2. The thiamine retention in ground meat as a function of time for three
different temperatures (70.5, 85.0 and 98.0°C). x, Experimental value (the mean
value of three samples).

conditions studied. Table 2 shows the calculated rate constant at the different
temperatures. From these and Equation (3) the activation energy was calculated
to 113.3 kJ/mol, which corresponds fairly well to investigations made by
Feliciotti (1957) (115.4 kJ/mol) and Mullery (1975) (114.5 kJ/mol).

Estimation ofthe Zcvalue

The Zcvalue is defined as the necessary temperature rise in °C needed for a
ten fold increase in reaction rate. Figure 3 shows the degradation time as a
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Figure 3. The degradation time for thiamine as a function of temperature. The curves
correspond to different percentage of degradation, x, Corresponds to experimen-
tally determined data.
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function of temperature in a log line diagram. The Zcvalue is the slope of each
curve. This value for thiamine degradation in ground meat was found to be 22°C
which corresponds well to values published earlier for thiamine (Lund, 1977).

150
A A A e n A e A A
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o Y _-5mm
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E] —-~17mm
o Centre
[+5]
a
1S
Lo}
= 50+

| | |
0 900 1300 2700

Time (sec!

Figure 4. Simulated and measured temperature on the surface and at different
distances from the surface. Air temperature, 125°C; air velocity, 5m/sec; air
humidity, 'humid" air. Bi = =¢,-------- , Measured;-------- , simulated.
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5 15 mm
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| 1 1
300 1800 2700
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Figure 5. Simulated and measured temperature on the surface and at different
distances from the surface. Air temperature, 150°C; air velocity, 9m/sec; air
humidity, 'dry" air. Bi = 1.7 .------- , Measured;-------- , simulated.
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Temperature measurements and simulations

Figures 4 and 5 show two examples of time-temperature curves calculated
and measured in the product heated. In the computer program, the heat transfer
coefficient was set constant, which gives errors in the calculated surface
temperature curve (Skjoldebrand, 1980). The Biot number used in the program
is indicated in each diagram. The calculated curves that are shown correspond
well to the measured ones. It was not possible to fix the thermocouples in
beforehand defined places except for the one at the centre and in the computer
program the product was divided into a number of sections of equal size. This is
the reason why the measured temperature curve is not at exactly the same
distance from the surface as the calculated ones.

Simulation and analysis o fthiamine content

Figure 6 shows the calculated thiamine content as a function of time at different
distance from the surface. This example corresponds to the same sample as in
Fig. 5. The product was roasted at 150°C, 9 m/sec and dry air. In the diagram is
also shown the calculated mean value over the whole slice as a function oftime.

The analysed and the simulated average thiamine retention over the slice
after processing of the six meat loaves are given in Table 3. The coefficient of
correlation was 0.97. Figure 7 shows the simulated mean thiamine content
during the process. The analysed values are indicated in the diagram.
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Figure 6. Calculated thiamine concentration as a function of heating time and at
different distances from the surface. Airtemperature, 150°C; air velocity, 9 m/sec; air
humidity, ‘dry' air. O, Mean calculated thiamine content; x, analysed thiamine
content.



70 Christina Skjoldebrand et al.

Table 3. Thiamine retention in different roasted minced meat
loafs calculated from chemical analysis and from computer
simulations

Sample No. Chemical analysis Computer simulation
1 96.6 98.9
2 98.3 98.5
3 91.4 93.3
4 70.6 65.6
5 80.0 74.7
6 84.8 74.7
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Figure 7. Calculated and analysed thiamine content in the six different meat loaves
processed in the investigation. The numbers corresponds to the air conditions

indicated in Table 1. (Experiment 5 and 6 gave the same calculated values), o, 1; m,
2; x,3;+,4;D,5;*,6.

Integrated cook values

Table 4 shows the integrated cook value of thiamine over the whole slice in the
six loaves after the roasting process.

Discussion

The kinetics of thiamine degradation were found to be approximately of first
order. This is in accordance with the findings of others (Jen, 1971; Texeira et
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Table 4. Integrated cook value in the slice
when 70°C in the centre of the meat loaf

Air combinations Cook value (min)

22.4

26.6

40
266
175
175

o g WN e

al. 1975b). In a thorough examination of the thiamine breakdown in sterilized
milk, (Horak, 1980) showed that the kinetics are better described by a third
order reaction. However, he also showed that for smaller losses (10-15%), the
first order reaction is still a good approximation. As shown in Table 3 there is a
good agreement between analysed and calculated thiamine retention for losses
less than 10%. However, at lower retentions the calculations seem to over-
estimate the actual losses somewhat. There might be a deviation from the
assumed kinetics regarding both reaction order and activation energy, more
pronounced with higher losses. With higher extent of heat treatment a corres-
pondingly larger part of the loaf can be characterized as crust. The thiamine
breakdown in this region, where the temperature exceeds 100°C, has been
calculated from the reaction constants obtained under 100°C.

The time-temperature simulation curves fit very well to the measured ones
for the loaves shown in Figs 4 and 5. These loaves have been roasted under fairly
mild conditions and thus with low heat transfer coefficients. This also means
that the crust is thin and the temperatures on the surface and in the crust are
fairly close to 100°C. W hen the heat transfer coefficients increased, the simula-
tions gave curves that did not fit as well. In the program the heat resistance was
held constant during the process. This is not the case in reality (Skjoldebrand,
1980). The heat transfer coefficient changes may be one reason. The thermal
conductivity and the thermal diffusivity in the crust differ comparably from the
inner parts of the loaf (Skjoldebrand, 1979). When the crust is thicker and thus
forms a greater partofthe product, these properties will exertan influence. This
fact will also give limitations for the kinetics used for thiamine reduction as
mentioned above. Furthermore, many chemical and physical changes occur in
the crust and they are very difficult to control. The crust formation isinfluenced
by humidity, velocity and temperature of the air. At low air temperatures and
any humidity or velocity the roasting conditions are mild and the model will be
able to predict the thiamine content. At higher temperatures (> 200°C)
however the relative humidity is very low and does not influence the crust
formation. Furthermore, at any air velocity the air temperature influences the
formation more and the model is of limited use.

Knowing the limitations, the heat transfer coefficient, the thermal properties



72 Christina Skj6ldebrand et al.

of the product and the thiamine content at the start of the process this model
may be used for predicting the thiamine content.

The cook value isvarying depending on the air conditions. Table 4 shows that
the variation for a ready made product is very wide.

This model needs to be combined with models for other properties, which
have optimal values for a specific cook value. The model for temperature
simulations here reported can be used for these other properties if they are
time-temperature dependent and their kinetics are known. Combining the
different models will give the optimal conditions for the heating process. It is
known that the mean thiamine content reduces with an exponential curve,
which is illustrated in Figs 4 and 5. If the centre temperature isincrased from 70
to 80°C, the thiamine loss will increase 40% . This shows how important it isnot
to overcook the product.

Appendix

a — thermal diffusivity (m2sec)

B = integration constant

b = thiamine concentration attime = r (sec)

bQ = thiamine concentration attime = 0 (sec)

C = Cook value (min)

D = decimal reduction time (min)

d = halfthe thickness of the meat loaf {m)

Ea = activation energy (kJ/mol)

k = reaction rate constant (min)

R = gasconstant (J/k mol °K)

T = absolute temperature (°K)

t = temperature (°C)

tQ = temperature attime = 0 (°C)

v = volume (m3)

X = distance from the surface (m)

y — thiamine concentration (m)

Zc = temperature raise needed to decrease the decimal reduction time ten
times (°C)

a — heattransfer coefficient (J/m2°K, sec)

X = thermal conductivity (J/m °K, sec)

r = time (sec)

Bi = a x d/X
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An investigation into consumer preferences for nine fresh
white fish species and the sensory attributes which
determine acceptability

MORAG HAMILTON and R. BENNETT™*

Summary

Nine fresh white fish species (cod, haddock, whiting, blue whiting, ling, saithe,
lemon sole, plaice, dab) were investigated by sensory panels. Assessors could
distinguish between species and although they would express relative prefer-
ences, they did not feel very strongly about them. Flavour was the most
significant positive determinant of acceptability, texture was neutral and
appearance was either neutral or negative. It is probable that most fresh white
fish could be satisfactorily interchanged with one another without causing
adverse consumer reaction.

Introduction

A variety of studies have investigated consumer reaction to the sensory charac-
teristics of a number of fish species. Kelly (1969) reported that the acceptability
of frozen cod was affected more by the development of cold storage flavours
than by textural changes. Rasekh & Kramer (1970) using samples of canned
tuna found that consumer preference was dependent approximately equally
(40%) on appearance and flavour and to a much lesser extent (20% ) on texture.
Connell & Howgate (1971) investigated the acceptability of cod and haddock
over awide range of freshness and concluded that, after frozen storage, flavour
was a more important criterion of quality than texture. Laslett & Bremner
(1979) conducted a series of storage trials with minced flesh from Australian fish
species and concluded that off-flavour, off-aroma and flavour were just as
important as texture variables in determining the acceptability of frozen fish
products.

Such studies are drawing conclusions about acceptability as influenced by a
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spectrum of flavours, beginning with the initial intrinsic and well-liked flavour of
fresh fish through to the unpleasant off-flavours produced by spoilage.

The investigation described here was conducted with fresh white fish of good
quality to establish if consumers could distinguish between nine commonly
encountered species (cod, haddock, whiting, blue whiting, ling, saithe, lemon
sole, plaice, dab); whether they had preferences for some species over others;
and determine which of the sensory attributes contributed most significantly to
any preferences established. Preliminary work using triangle and preference
tests indicated that the nine species were distinguishable from one another and
some of them were preferred to others (Hamilton, 1980). An investigation
carried out with two of the species (whiting and blue whiting) before and after
incorporation into five products had also established that preferences which
existed between the species in plain steamed form were eliminated once the
species were incorporated into products (Hamilton & Bennett 1981).

Materials and methods

Preparation and presentation o f samples

All the samples of fish (other than the blue whiting) were selected at the
Aberdeen Fish Market and had a score of between 8 and 9 on the raw odour
scale devised by Shewan et al. (1953). Variations in the size of fillets were
controlled by specifying the length of fillet for each type of fish based on the
length of an average sized fillet for each fish species. The fish was bought in large
batches, filleted, and then stored in shatter packs at - 30°C (frozen storage
deterioration does not occur to any significant extent at this temperature)
(Howgate, 1977). The blue whiting was caught and handled under experimental
rather than commercial conditions. It was frozen at sea within hours of catching
in 50 kg blocks and stored at —30°C until required. The investigations were
carried out on fish caught at two different times of the year. The first batch was
caught, and investigated using twenty-one judges in May 1979 (summer series)
and the second batch in November 1979 (winter series) was judged by thirty-
four assessors.

A sufficient number of fillets of each fish species was removed from the
freezer 24 hr before each test and allowed to thaw at ambient temperature. The
thawed blue whiting were hand filleted immediately before being used in the
tests. Five-centimetre squares from the middle part of each fish fillet were used
for tasting. The samples were steamed on covered pyrex plates over boiling
water. Specific cooking times were used for each species to ensure that all the
samples were cooked to the same stage. Condiments were excluded during
cooking to provide the optimum circumstances for assessors to discriminate
between different species.

Cooked samples were served immediately in identical, coded disposable
white polystyrene containers. Taste panels were carried out either mid-morning
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or mid-afternoon in purpose built tasting booths in a room separate from, but
adjacent to the kitchen where samples were prepared. The assessors were
mainly female home economics students who had no training in sensory assess-
ment of fish, but had basic taste training and were familiar with sensory evalua-
tion techniques.

Test methods

Matching test. The matching test was selected as a means of determining
whether assessors could match unidentified coded samples of plain cooked fish
with named fish samples. The method is a variation of one described by
Thompson etal. (1980).

The test was divided into three sets where assessors were first presented with
three named and different samples of cooked white fish (A, B, C). They then
received two coded samples of fish which had to be matched wih the named
samples. The coded samples could be two different species, or two samples of
one species (AB, AC, BC, AA, BB, CC). The three named types of fish in each
set were chosen on the basis of similarities in the size and type of fillet, and in the
structure of the muscle flakes. (Set 1— cod, ling and saithe; Set 2 — haddock,
whiting and blue whiting; Set 3 — lemon sole, plaice and dab). All the nine
possible permutations of order for the coded samples within each set, as far as
possible, were presented an equal number of times to the panel. The design
allows each species to be judged on two out of three occasions on average, but
the variations in sequence affect the exact number of presentations around the
average.

Paired preference test. The paired preference test is designed to determine
which, if any, of two products is liked more. Two samples were presented
simultaneously to assessors who were asked to state which, if any, sample was
preferred. Assessors were allowed to make a ‘no preference’ response when
they found they liked both samples equally. The two possible permutations of
order of samples (AB and BA) were presented equally in each test, the order of
presenting the two permutations being randomized.

Since it was not feasible for all combinations of pairs of fish species to be
compared, a series of pairs offish with similar characteristics was selected, based
on the sets of similar species used in the previous matching test.

Hedonic rating test. The hedonic rating test is suitable for use by untrained
assessors to measure their liking for specified sensory characteristics of different
foods.

The assessors rated the fish samples successively using a 5-point hedonic scale
(1 = like very much; 2 = like; 3 = neither like nor dislike; 4 = dislike; 5 = dislike
very much) for the three organoleptic properties, appearance, texture and
flavour (in that order), they then awarded a final rating for overall acceptability.
Assessors were only allowed to use unit marks. A maximum of six samples were
rated at each session and the order of presentation of samples was determined

randomly.
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Statistical analysis o f results

The results of the matching and paired preference tests were expressed as
levels of significance, calculated from the appropriate tables of Roessler et al.
(1978). When considering the results from the paired preference test, the
statistical significance of the data was determined by excluding the no prefer-
ence responses and calculating significance on the total number of assessors who
expressed positive preference. This follows recent recommendations for evalua-
tion of paired preference data (BSI 1980).

The hedonic rating test data for each fish for each sensory characteristic were
averaged to give mean scores. The data were thus treated as scoring data by
using the numerical values of the ratings. (Since hedonic rating scales cannot be
considered as true interval scales, there are reservations about treating the data
as such for statistical analysis. This practice is, however, generally accepted,
providing that caution is exercised in the interpretation of results). The mean
scores were ranked in order of magnitude and Duncan's (1955) multiple range
test was applied to determine the significance of any differences between
samples.

The correlations between acceptability, flavour, texture and appearance were
determined by carrying out a multiple regression analysis on the data using a
computer program which allowed various regression models to be tested for the
purpose of describing acceptability in terms of the other sensory characteristics.
This analysis is examining intra-species ratings rather than inter-species ratings
and therefore allowed the hedonic rating data from all judgments on all species
to be considered.

Texturometer

Cooked samples of each of the nine species in the winter series were tested for
hardness on a purpose-built fish texturometer (Main, Ross & Sutton, 1972).
Sutton & Main (1967) established that machine readings equated well with
assessments made by sensory panels on the ‘hardness’ of cod. The principle of
the apparatus is that cooked fish which has been mashed with a fork is packed
into a small stainless steel cup and a plunger which has a very loose fit is driven
into the sample a pre-determined distance and the maximum resistance
recorded. The movement of the plunger has a two fold action, it compresses the
fish and also extrudes some of it and the final reading therefore depends on both
the resistance to compression and the ease of extrusion. Packing of the fish
samples could not be absolutely standardized, therefore each species was tested
seven times and the middle five readings were averaged to give the results
guoted.

Results and discussion

Table 1shows the results obtained by means of matching tests carried out by
thirty-four assesors and it can be seen clearly that assessors were able to match
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Table 1. The results of a matching test, where nine fish species, arranged into three sets were
evaluated by thirty-four assessors

Named fish Coded samples  Correct matches Correct matches
species (n) (n) (%) Significance
Set 1
Cod 24 18 75 -
Saithe 22 22 100 -
- * k%
Ling 22 18 82
Set 2
W hiting 20 17 85 -
Haddock 28 25 89 o
ays *kk
Blue whiting 20 17 85
Set 3
Lemon sole 26 17 65 -
Plaice 19 12 63 *
Dab 23 13 56 *

* Significant at the 5% level.
** Significant at the 1% level.
*** Significant at the 0.1% level.

coded samples of fish with the appropriate named samples with a high degree of
accuracy. This result was by no means a foregone conclusion because of the
apparent similarity and blandness offish flesh of various species. The result gives
no indication of the direction of differences between species, and this aspect was
therefore examined by means of a series of paired preference tests.

Table 2 shows the results of a paired preference test where nine fish species
were evaluated by twenty-one assessors. The results show that for most pairs
there was a preference, although not enough for statistical significance at the 5%
level. In eight out of the nine pairs of samples, the more frequently eaten and
expensive fish of the pair had the greater number of preference responses.
However, there is evidence from these results that the less preferred species
were acceptable to assessors, since in most cases the less preferred responses
plus the no preference response was very similar to the score for the preferred
species. Informal discussions were held with some assessors who usually
indicated that their choices were not often based on very strong feelings about
the samples. The only exceptions to this were the definite reactions of dislike for
the grey coloured appearance of saithe and, to a lesser extent, blue whiting.

The nature of the differences between species was investigated in detail in a
series of hedonic rating tests. Table 3 shows the mean ratings of twenty-one
assessors obtained in hedonic rating tests conducted in the summer with eight
fish species. Table 4 shows the mean ratings from winter tests involving nine
species and thirty-four to thirty-six assessors. The species have been arranged in
the Tables in rank order for each sensory characteristic and it can be seen firstly



80 Morag Hamilton and R. Bennett

Table 2. The results of a paired preference test, where nine fish species were evaluated by
twenty-one assessors

Preferring each Preferring neither Positive
Fish pairs sample (n) sample («) responses (%) Significance
Had'd.ock 12 67 NS
W hiting 6 33
Cod 9 50
Haddock 9 ° 50 NS
Cod
. 10 63 NS
W hiting 6 38
Cod 11 69
. D NS
Ling 5 31
Cod 12 71
Saitne 5 29 NS
W hitin
g. . 11 3 61 NS
Blue whiting 7 39
Lemon sole 13 7 93 Hx
Plaice 1 7
Lemon sole 12 71
Dab 5 29 NS
Plaice 14 3 82
Dab 3 18

NS, no significant difference.
* Significant at the 5% level.
** Significant at the 1% level.

that the order of acceptability and flavour is identical, the order for acceptability
and texture is very similar, and that that for acceptability and appearance is
more varied. Secondly, for most fish species the scores for all characteristics are
on the ‘like’side of neutrality. Lemon sole which rated highly for acceptability in
the summer results, is rated very badly in the winter set. We believe that this
extreme shift of position and perhaps the other more minor ones on the Tables
are caused by seasonal quality variations. Tables 3 and 4 also show the species
‘groups’which result from the application of Duncan’s multiple range test to the
acceptability data. The species which are grouped by the same bracket are not
significantly different from one another at the level of significance indicated,
and it follows from this that any species would be an acceptable substitute for
any other species which either lies below it in the table of ranked mean scores or
which lies above it, but is grouped by the same bracket.

The smallest range of scores in both summer and winter tests was for texture.
The two lowest scores (ling, 3.0, and lemon sole, 2.9) were probably awarded
for quite different reasons, the ling having a relatively coarse structure and the
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Table 3. The mean ratings arranged in rank order for each sensory characteristic from a summer
rating test with twenty-one assessors using a 5-point hedonic scale (1 = like very much, 5 = dislike
very much). The fish which are not grouped by the same bracket are significantly different for
acceptability at the 1% level

Duncan’s multiple
range test on
acceptability data

Rank 1% significant
order Appearance  Texture Flavour Acceptability range
1 Lemon sole W hiting Lemon sole Lemon sole
1.7 1.7 14 1.6
2 Dab Haddock Haddock Haddock \
2.0 1.8 1.8 1.9
3 W hiting Lemon sole Dab Dab
2.0 19 2.0 2.0
4 Haddock Dab W hiting W hiting
2.2 2.0 2.3 2.1
5 Cod Saithe Cod Cod
2.4 2.6 2.4 2.5
6 Plaice Cod Plaice Plaice
2.4 2.7 2.6 2.5
7 Ling Plaice Ling Ling
2.7 2.8 2.7 2.9
8 Saithe Ling Saithe Saithe
4.5 3.0 2.7 3.2

lemon sole in the winter tests being rather loose and sloppy. Cooked samples of
each of the nine species in the winter series were tested for hardness on a
purpose-built fish Texturometer (Main etal., 1972).

The mean readings (kg force) obtained from the machine tests are shown
plotted against the mean panel scores for texture in Fig. 1. It can be seen that the
machine scores vary considerably from hard (9.7 kg force) for blue whiting to
very soft (0.9 kg force) for lemon sole, while the panel scores varied only by one
point from like (1.9) for whiting to neither like nor dislike (2.9) for lemon sole.
These results therefore establish that quite a wide range of normal fish textures
are acceptable to consumers and that texture alone is unlikely to be a major
factor in determining overall acceptability. This result with fish is in contrast to
that found with most other types of flesh product where texture, particularly
tenderness, is usually asserted as being the major factor in determining prefer-
ence (Tarrant, 1975). It should be borne in mind, of course, that fresh fish is
intrinsically tender in comparison with most meat products. The ratings
awarded for the appearance of fish samples show a spread of 2.8 which consid-
erably exceeds the spread for the other sensory characteristics. The spread is

6
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Table 4. The mean scores arranged in rank order for each sensory characteristic from a winter
rating test with thirty-four to thirty-six assessors using a 5-point hedonic scale. The fish which are
not grouped by the same bracket are significantly different for acceptability at the 1% level

Rank
order Appearance
1 Plaice
14
2 Cod
15
3 Dab
1.6
4 Haddock
1.8
5 W hiting
1.9
6 Lemon sole
2.0
7 Ling
2.1
8 Blue whiting
2.8
9 Saithe
3.8

Texture
W hiting
1.9

Plaice
2.1

Cod
2.2

Dab
2.3

Haddock
2.4

Ling

2.6

Blue whiting
2.7

Saithe
2.7

Lemon sole
2.9

Flavour
W hiting
1.8

Cod
2.2

Plaice
2.3

Haddock
2.4

Ling

2.5

Blue whiting
2.5

Dab
2.8

Saithe
3.0

Lemon sole
3.4

Acceptability
W hiting
1.8

Cod
2.1

Plaice
2.2

Haddock
2.2

Ling

2.5

Dab
2.6

Blue whiting
2.7

Saithe
3.2

Lemon sole
3.3

Duncan's multiple
range teston
acceptability data
1% significant
range

largely due to the very low rating given to saithe and to a lesser extent, blue
whiting, both of which have greyish coloured fillets. If the ratings for these
species are excluded, the spread isonly 1.0 and tends to indicate that appearance

X
40

11111
0 12 345678910

Force (kg)

Figure 1. The relationship between the mean hedonic ratings for texture and the
readings from the Aberdeen Fish Texturometer, for the same samples of nine
species. Panel - 1= like very much, 5 = dislike very much, kg Force - 1 = very soft,
11 = very hard. O, Cod; m, ling; A, saithe; A, haddock; o, whiting; ¢, blue whiting;

O, lemon sole; ¢, plaice; x, dab.
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Table 5. Matrices of correlation between the four sensory characteristics, based on the combined
mean ratings for all species.

Correlation matrices Appearance Texture Flavour Acceptability
A*

Appearance 1.00

Texture 0.47 1.00

Flavour 0.42 0.78 1.00

Acceptability 0.67 0.83 0.93 1.00
B*

Appearance 1.00

Texture 0.50 1.00

Flavour 0.25 0.76 1.00

Acceptability 0.38 0.86 0.96 1.00

*Matrix A - for seventeen samples (i.e. combining the eight summer and nine winter results);
Matrix B - for fourteen samples (i.e. combining seven summer and seven winter results, but
omitting all ratings for saithe and blue whiting).

is neutral in positively determining acceptability, but is significant in eliciting
negative reactions. Matrix A in Table 5 shows the results of the multiple
regression analysis for the four sensory characteristics based on the score
awarded by fifty-eight judges. It can be seen that flavour (r = 0.93) correlates
best with acceptability. Texture has a high correlation with acceptability
(r= 0.83) but is also highly correlated with flavour (r = 0.78). A reasonable
model for describing the acceptability of white fish could be identified which did
not require texture scores to be included in the equation. The model showed
that

Acceptability = 0.8 Flavour + 0.2 Appearance (approximately).

The partial scores for each species were considered and it was evident that saithe
and blue whiting showed some divergence from the model. The analysis was
therefore repeated after the omission of the data from these two fish. Matrix B in
Table 5 shows the correlation data obtained with the fourteen scores from fish of
‘normal’whiteness. This second analysis showed that appearance now made no
significant contribution to overall acceptability which was now best described
purely in terms of flavour. These findings reinforce the previous conclusions that
in terms of their contribution to the overall acceptability of fresh fish, texture is
usually neutral, and appearance is either neutral or negative; the major factor in
determining preference being flavour.

The preference tests and matching tests involved twenty-one and thirty-four
judges respectively, which is possibly too few to make a definitive conclusion,
however, there is a strong indication from the results of these experiments that
consumers are likely to be satisfied with fresh samples of most white fish species.
People are certainly able to distinguish between them, mainly on the basis of



84 Morag Hamilton and R. Bennett

flavour, and will express preferences, but the strength of the preference is not
great and many species could be satisfactorily interchanged with one another
without causing adverse consumer reaction.

It is of interest to draw attention to our previous work in which whiting and
blue whiting were compared by fifty-eight judges before and after incorporation
into five products (Hamilton & Bennett, 1981). This work established that such
preferences as there were between the two species when tested in plain steamed
form were eliminated once the two species were incorporated into products.
Since this investigation was between fish species which were well separated in
the ranked means shown in Table 4, it is reasonable to conclude that products
made with any of the fish investigated in this study, with the possible exception
of saithe, would be highly acceptable to consumers and may even be indistin-
guishable from one another in most forms of product.
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Texture analysis of fish fillets and minced fish by both sensory
and instrumental methods

A. J. BORDERIAS, M. LAMUA ana M. TEJADA

Summary

In an attempt to establish objective criteria for texture analysis as an effective
substitute for organoleptic procedures, correlation between the results obtained
by a panel of tasters and physical and chemical analyses of texture was deter-
mined. In addition, regression equations relating instrumental and sensory
methods were applied to predict sensory data from those obtained during instru-
mental analysis.

Introduction

In view of the difficulties involved in obtaining comparative data through
sensory analysis, it was felt that the use of standard instruments to measure
texture would be of interest, as this would constitute a source of objective
information. However, it is often difficult to relate the physical measurement
obtained by means ofan instrument to any one or more of the factors influencing
the general sensory impression of texture, because other properties which
cannot be evaluated by instruments, such as smell and taste, can affect a
person’s judgment at the time of tasting thus leading to results different from
those expected. Nevertheless, this relationship must be correctly understood in
order to be able to properly assess the significance of physical measurements.

The purpose of the present study was, therefore, to determine which instru-
mental (objective) methods best correlated with sensory (subjective) impres-
sions, with a view to subsequent investigations to establish the mathematical
relationship between the instrumental parameters and sensory criteria. Both
fish fillets and minced fish were used in the tests.

Authors’address: Instituto del Frio, Cuidad Universitaria, Madrid-3, Spain.

0022-1163/83/0200-0085%$02.00 © 1983 Blackwell Scientific Publications
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Materials and methods

The experiments were performed using five different fresh fish species held for a
maximum of 4 days in ice chosen at random from available market supplies:
rainbow trout (Salmo irideus Gibb), sardine (Sardina pilchardus Walbaum),
conger eel (Conger conger L.), horse mackerel (Trachurus trachurus L.) and
blue whiting (Micromesistius poutassou Risso). Skinned fillets and minced fish
were tested, both raw and cooked.

The fish were headed, gutted and skinned. Those intended for mincing were
filleted and then minced using a meat mincer with plate orifices 5 mm in
diameter.

All the samples were divided into portions 0f 500 g, packed in aluminium foil,
frozen in a plate freezer at - 40°C, and stored at - 25°C for the duration of the
experiment (15 days).

Sensory methods

The texture profile method was used to determine the different sensory
properties of the fish to be correlated with the instrumental data.

Six panellists were selected from among the laboratory staffand trained in the
basic concepts of descriptive analysis and terminology. Several practice sessions
were held until the individual ratings for the different properties showed general
agreement.

A simple 7-point scale was used. The trout muscle was assigned Point 4 and
was taken as a reference point for comparing the flesh of the other species
tested. Every effort was made to ensure homogeneity in the trout samples used.

The cooked samples were prepared by thawing overnight and then by steam-
ing in air-tight jars for 20 min, no more condiments added. Five tastings were
made for the fillets but only three were held for the minced fish.

Fewer sessions were required for the minced samples, because, due to their
higher level of homogeneity, the results exhibited less variation. All five differ-
ent fish species were tasted at each session of the panel.

The following characteristics were tested as defined by Jowitt (1974) and
W hittle etal. (1980):

(1) Initial characteristics. The response to the properties of the material
the first bite.

W ateriness: the release of water on compression; this is the initial response and
is to be distinguished from juiciness. Scale points: 1, much less water released
than in the trout; 4, the same amount of water released as in the trout; 7, much
more water released than in the trout.

Firmness: the force required to compress the material between the molars or
between the tongue and palate. Scale points: 1, much softer and less consistent
than the trout; 4, similar to the trout. 7, much firmer and more consistent than
the trout.

Elasticity: the ability of the material to return to its original shape after deforma-
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tion; this is judged by compressing the substance slightly between the molars or
between the tongue and palate and noting to what extent the material returns to
its original shape. Scale points: 1, much more plastic than the trout; 4, similar to
the trout; 7, much more elastic than the trout.
Cohesiveness: the extent to which a material can be deformed before it
ruptures. Scale points: 1, much less cohesive than the trout; 4, similar to the
trout; 7, much more cohesive than the trout.

(2) Secondary characteristics. The response to the properties of the material
after chewing a few times:
Hardness: resistance to breakdown on chewing to a state, suitable for swallow-
ing. Scale points: 1, much more tender than the trout; 4, similar to the trout; 7,
much tougher than the trout.
Juiciness: the sensation of a progressive increase of free fluids in the oral cavity
during mastication. Scale points: 1, much drier than the trout at the end of
chewing: 4, similar to the trout; 7, much juicier than the trout at the end of
chewing.

Instrumental methods

The instrumental analysis of texture was performed using an Instron model
1140 Texturometer at room temperature (20 £ 2°C). For each species two
different sets of measurements were taken, each set consisting of five replicates
of each test.

The following parameters were tested:

Shearing: The measurements were taken using a Kramer shear cell (Ksc)
(Kramer, 1961) and a Warner-Bratzler cell (WBc) (Bratzler, 1932) which
combine extrusion, compression, and shear strength. Peak height was used as
the measure of this parameter.

Compression: The measurements were taken with a compression assembly.
Compression analysis was applied in order to obtain values for firmness,
cohesiveness, and elasticity (Friedman, Whitney & Szczesniak, 1963; Henry et
al., 1971), relaxation (Stanley, Pearson & Coxworth, 1971) and the modulus of
elasticity (Moskowitz & Kapsalis, 1976). Juiciness was also evaluated by com-
pression by placing a sufficient amount of filter paper on both sides of the sample
to collect the juice pressed out on application of a constant force of 25 kg for
1 min. The amount of juice was measured by weighing the filter paper before
and after pressing and expressed as the percentage by weight.

Puncture test: This parameter was defined as the maximum force exerted when
driving a flat-ended punch to a constant depth within the sample (Bourne,
1979).

Instrumental tests were applied to both raw and cooked samples which were
more suitable for texture analysis. The cooked samples were steamed for 20 min
in air-tight jars, cooled to room temperature, and the drip poured off. Samples
of raw fillets and minced fish were cut out tempered in order to obtain more
uniform pieces. The cooked minces had adequate consistencies for handling,
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but this was not the case for cooked fillets, which had to be chilled after cooking
to about —3°C in order to ensure good cutting of the samples.

In the shear tests performed using the Ksc and the WBc, shearing was
perpendicular to the direction of alignment of the myotomes. In the puncture
tests the samples were attached as described by Kulwich, Decker & Alsmeyer
(1963).

Table 1. Instrumental analysis :geometry of samples

Instrumental analysis Fillets Minced fish

Shear strength
(Ksc)

Shear strength
(WBc)

Puncture test

Firmness

Two parallelepipeds measuring
0.84 X 6.5cm

Two parallelepipeds measuring
0.84 X 1 X 6.5¢cm

Cylinder measuring 5cm in
diameter X 0.84 cm in height

Cylinder measuring 1.2 cm in

Two parallelepipeds measuring
1X 1X6.5cm

Two parallelepipeds measuring
1X 1X6.5cm

Cylinder measuring 5cm in
diameter X 1.77 cm in height

Cylinder measuring 2.5 cm in

diameter X 0.84 cm in height diameter X 1.77 cm in height
Cohesiveness
Elasticity

Modulus of elasticity

Relaxation Cylinder measuring 2.5 cm in
diameter X 0.84 cm in height
Juiciness
Table 2. Instrumental testing conditions
Cross-head

Instrumental Sample speed Chart speed No. of cycles
analysis Attachment  deformation  (mm/min) (mm/min) of cross head
Shear strength Ksc Full shear 80 80 1
Shear strength WBc 100 100 1
Puncture test Flat-ended Full 80 80 1

punch 0.8 cm penetration

in diameter
Firmness Compression  Fillets: 50 400 1

assembly 0.25 cm (30%)

5.7 cm in Minced:

diameter 0.5cm (30%)
Cohesiveness W 50 400 2
Elasticity ),7 50 400 2
Modulus of . 50 400 2
elasticity
Relaxation Constant force 50 400 1

of 25 kg for
1min

Juiciness 25 50 400 1
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Table 1 shows the geometry of the sample suggested for each individual
analysis and used by the authors on the basis of the literature consulted and
previous tests made at our laboratory. Table 2 gives details of the test
conditions.

Hydroxiproline assay

Hydroxiproline levels in the muscle tissue were determined according to the
method of Leach (1960) as an indicator of the relationship between the hardness
and the amount of connective tissue.

Statistical methods

Let X[k be any of the values, 1, obtained using a given instrumental test, i,
applied to a species of fish, k, treated by a given processing technique, j.
The variable xjkcan then be defined as the mean of the values | thus obtained:

£ xijki
=1

T G TER—

Q

Similarly, a number of values, /', were obtained for the same batch of the
same fish species, k treated in the same manner, j, from sensory ratings by a
panel of tasters of the organoleptic properties, i', previously discussed, yielding
the variable y\Vi,.

Therefore, for every value of xik there is a number (g') of corresponding
values of ykk; and the number of elements comprising each statistical sample is
thusN=p x q".

It was assumed that for each xik the distribution of the corresponding values
of yrjk, follows the pattern described by

N [Pxijkt °2= constant]

The correlation coefficients were calculated for the samples defined as above
and contrasted with the null hypothesis P —0 using Student’s i-test; the
pertinent values and their degree of significance are presented in Table 4.
Definitions of the notation employed are given at the foot of this table.

The linear regressions of yvw, on xik were calculated using the least squares
method, and the goodness of fit was calculated using Snedecor’s F-test.

Results and discussion

Table 3 shows the means of the results obtained by the instrumental analyses
together with the coefficients of variation. With regard to the latter, it can be
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observed that these are significantly higher in the shear tests performed using
the WBc than in the Ksc tests, which indicates less replication of results.

None of the species investigated showed variations attributable to species
differences per se\ this suggests that the texture analysis method can be applied
with equal reliability to any type of fish.

It was found that the coefficients of variation in the raw or cooked fillets, were
higher than in the minced fish, as can be seen in the case of the instrumental
values for firmness, cohesivity, elasticity and modulus of elasticity, so that these
values were not contrasted with the corresponding sensory evaluations.

The reason for this may be that this method has usually been applied only to
semi-solid foods (Friedman et al.,, 1963, Henry et al.,, 1971), and minced fish
could be considered to belong to this category. However, when applying this
compression method to an item with a layered structure like fish fillets, the
myotomes layers tend to slide away from the force of compression, thus making
it impossible to reproduce the analysis results in different tests.

Correlation analyses

The degree of significance of the correlation between the sensory and instru-
mental methods is represented in Table 4 as follows: **** = 0.5%, *** = 1%,
** = 2.5%,* = 5%.

The relevant correlation coefficients were calculated only for those tests
performed on the most similar physical properties.

Firmness and hardness (sensory tests) versus instrumental analysis

In the analyses performed using the Ksc and the puncture test, cooked batches
of fish mince showed the highest correlation to the sensory data. The correlation
of the values from instrumental measurements of firmness was similar for both
cooked and raw minces.

The correlations between the instrumental and sensory tests were lower for
fillets than for minced fish, and only those obtained for cooked fish using the Ksc
and for raw fish using the WBc were found to be significant.

The low correlation for fillets and mince between the shear strength measured
by a WBc and the sensory data had previously been found by Deatherage &
Garnatz (1952) and Szczesniak & Torgenson (1965) in experiments on meat.
Later, Pool & Klose (1969) reported that this might be caused by distortion of
the muscle fibres during cutting.

The better correlation results obtained using the Ksc as compared with those
obtained using the WBc, was observed in meat by Pearson (1963), who sug-
gested that this might be due to the fact that the Ksc comprised several blades
compared to the single blade in the WBc. Tests run in the Ksc take measure-
ments for several different cuts in different parts of the sample, making such
measurements more reliable.
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Bosund & Beckeman (1972) found a high level of correlation between sensory
tests and instrumental analysis performed using the standard shear cell of an
Allo-Kramer shear press in the case of fish. However, the instrumental analysis
carried out by these authors used fish dismembered in a shaker, a material more
like fish mince than whole fish. As would be expected, their results were
therefore closer to those obtained by the authors for the fish mince. Patasnik
(1980) also found no correlation between shear strength analysis and sensory
tests conducted on fish fillets.

On the other hand, Gill, Keith & Lall (1979) did find some correlation
between hardness measured by sensory tests and using a modified Ksc, although
the correlation was not particularly pronounced.

Hinnergardt & Tuomy (1970) stated that puncture showed good correlation
as a measure of hardness and that this method could afford certain advantage
over the shear test because it is less destructive.

W ith regard to firmness as measured by compression, the data found in the
literature are contradictory. Thus, while Hiner (1960) working with meat,
found close correlation with the data furnished by the taste panel, Bratzler &
Smith (1963) found no correlation.

The reason that there was generally closer correlation between the results
obtained using sensory and instrumental methods in the cooked products may
lie in the fact that firmness and hardness are altered disproportionally by
cooking as can be seen from Table 3.

Cohesiveness (sensory test) versus instrumental analysis

In fillets the degree of correlation between cohesiveness (sensory tests) and
puncture (instrumental tests) was only significant in the case of the cooked
product, and the significance was very slight.

In cooked minced fish higher correlation values were obtained from instru-
mental puncture and firmness tests; on the other hand, a higher correlation was
obtained for cohesiveness in the case of uncooked mince.

The closer correlation found for the puncture and firmness tests in the cooked
minces may result from change in the cohesive forces between the particles of
the mince during cooking. The authors have not been able to give any ready
explanation for the fact that the cohesiveness index was more closely correlated
with sensory cohesiveness in the raw product.

Elasticity (sensory tests) versus instrumental analysis

In minced fish only the raw product showed significant correlations between
the sensory evaluation of elasticity and the elasticity index and modulus of
elasticity.

The relaxation index showed no significant correlation against elasticity,
probably due to the fact that the pressure of 25 kg exerted in this analysis was
perhaps excessive, thus depriving the product of its ability to recover.
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Wateriness and juiciness (sensory tests) versus instrumental analysis

There was closer correlation between sensory ratings of wateriness and instru-
mental measurements of juiciness in the raw mince. However, the correlation
between the sensory perception of juiciness and instrumental analysis of juici-
ness was closer after the mince had been cooked.

Table 5. Hydroxiproline analysis

Hydroxiproline (mg of sample)

Species x* cvt
Trout 0.407 1.2%
Sardine 0.167 4.5%
Conger 0.560 3%
Horse mackerel 0.266 5%
Blue whiting 0.441 5.9%

*Mean of three replicates.
tCV = coefficient of variation.

Hardness (sensory tests) versus connective tissue (chemical analysis)

The percentage of connective tissue for each species is indicated in Table 5.

The hardness (sensory test) did not seem to be clearly related to the amount of
connective tissue, as can be inferred from the correlation index. This had
already been observed in fish by Tsuchiya & Takahashi (1950) and in meat by
Pfeiffer etal. (1972) and Shimokomaki, Elsden & Bailey (1972). These authors
considered that the type of cross-links in the connective tissue was more
important than the total amount of this tissue.

Moreover, it is natural that the correlation should be closer in the fillets than
in the minces, since in the former the connective tissue remains unchanged, a
fact clearly perceived by the tasters, while in the latter the connective tissue
structure has been completely broken down, so it has very little effect on the
texture.

Regression analyses

The regression analyses carried out all showed that linear regression pro-
duced more accurate predictions than exponential regression. It follows that,
according to the experiments conducted by Stanley (1976) on meat, when
dealing with myosystems it would probably be necessary to resort to multiple
regressions of data obtained using several different instrumental methods in
order to be able to make reliable predictions of the textural properties of the
product being studied.
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Conclusions

(1) In fish fillets, no significant correlation was found between any of the indices
obtained from the instrumental analyses and the results of sensory taste tests.
(2) In the fish minces, significant correlations between the results of instru-
mental analysis and taste evaluations were found for the following aspects:
between hardness as determined using the Ksc and the sensory perception of
firmness in cooked mince, and between the puncture test and firmness in both
raw and cooked minces; between the sensory evaluation of cohesiveness and
puncture and firmness tests in cooked mince, and between sensory evaluation
and the index of cohesiveness in uncooked mince; between the sensory percep-
tion of elasticity and the elasticity index and modulus of elasticity in raw mince;
and between wateriness and the instrumental analysis of juiciness in raw mince,
and between the evaluation of juiciness by tasters and the instrumental juiciness
index in cooked mince.
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Alternative sweetening of yoghurt

LEA HYVONEN and MARIA SLOTTE

Summary

The influence of different sweeteners on the quality of yoghurt was studied using
a sucrose sweetened yoghurt as the reference. The alternative sweeteners used
were xylitol, sorbitol, fructose, cyclamate and saccharin. The sweeteners were
added to the yoghurt either prior to or after incubation.

The influence of xylitol and sorbitol were studied more closely by investigat-
ing their growth retarding effects on the yoghurt culture. The quality of the
yoghurt varieties was evaluated by pH, titratable acidity, viscosity, micro-
biological quality, sensory properties and storage stability.

All the sweeteners used were suitable for sweetening of yoghurt after incuba-
tion. However, saccharin could be used only when mixed with xylitol to cover its
disturbing bitter aftertaste when used alone.

Sweetening with sorbitol prior to incubation was problematic. To obtain a
suitable sweetness of the yoghurt 15% of sorbitol had to be added. This amount
retarded the growth of the yoghurt culture so greatly that no acid, aroma or
coagulation was formed in the product. Even a concentration 7% made the
yoghurt significantly different from the normal yoghurt. The sweetness of
yoghurt prepared with less than 7% of sorbitol is very slight. Consequently,
sorbitol is not suitable for use as the only sweetener in pre-sweetened yoghurt.
However, its use was possible in combination with sucrose. Xylitol proved to be
a good yoghurt sweetener for pre-incubation sweetening, in spite of a slight
retarding effect on the growth of the bacteria. At 8% concentration, which was
the most preferred, the retarding effect of xylitol was negligible.

Introduction

A sweetened yoghurt with a flavour, fruit or berry addition is a popular snack
and dessert. Sucrose is the commonly used sweetener in yoghurt. It may be

Authors' address: Department of Food Chemistry and Technology, University of Helsinki,
SF-00710 Helsinki 71, Finland.

0022-1163/83/0200-0097 $02.00 © 1983 Blackwell Scientific Publications
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added either prior to pasteurization of the yoghurt milk or simultaneously with
the addition of fruit or flavouring (Humphreys & Plunkett, 1969).

In this investigation the effects of alternative sweeteners on the quality of
yoghurt were studied. The effects of different sweeteners, added both before
and after incubation, were studied by physical and microbiological measure-
ments and sensory evaluation. The alternative sweeteners selected for the study
were xylitol, sorbitol, fructose, cyclamate and saccharin. The suitability of the
sweeteners for a diabetic diet was an argument for selection. However, it should
be noted that the use of cyclamate in foods is prohibited in the U.K. and that
xylitol is not included in the list of permitted food additives. Xylitol and sorbitol
were especially interesting because of their known retarding effect on the
growth of some micro-organisms (Knuuttila & Makinen, 1975; Kracher, 1975;
Makinen, 1978; Salminen & Branen, 1978). Therefore xylitol and sorbitol were
studied more closely than the other alternatives.

Materials

Manufactured plain yoghurt (Kotisaari Oy) was used in the post-sweetened
yoghurt study. Pasteurized milk and the same starter culture as in the manufac-
tured yoghurt were used in the small scale preparation of the pre-sweetened
yoghurt.

The following sweeteners were used. Sucrose: purity, 99.9%; ash, 0.001%;
moisture, 0.003%. Fructose: purity, 99.5%; ash, 0.0014%, moisture, 0.04%.
Finnish Sugar Co., Helsinki, SF.—Xylitol: purity, 99.8%; ash, 0.001%;
moisture, 0.05%. Sorbitol: purity, 96.0%; ash, 0.004%; moisture, 0.28%.
Sokerikemia Oy, Kotka, SF.—Na-cyclamate: DAK-63; and Na-saccharin:
Ph.Nord., Apodan, Kastrup, DK. Vanilla Natural (Givaudan Duebendorf
Ltd) was used as flavour.

The following media were used for microbiological quality control of yoghurt
by plate count: Violet red bile agar (Difco), Malt agar (Difco), Plate count agar
(Oxoid) and Soya peptone (Oxoid).

Preparation ofpre-sweetened yoghurt

Pre-sweetened yoghurt varieties were prepared in the laboratory in a way
resembling the factory production as much as possible. Samples were prepared
in sterilized 1 litre Erlenmeyer flasks covered with aluminium foil. Sweetner,
pasteurized and evaporated milk (dry matter 13%) and vanilla flavour were
measured into the flask and the starter culture (0.8%) was then added. After
1 min mixing with a sterile pipette the flasks were placed into a warm bath
(41°C), where they were kept for about 3.5 hr, until the titratable acidity of the
unsweetened reference was at least 38 Soxhlet-Henkel degrees (°S-H). Then the
flasks were cooled in an ice bath for 1 hr. After cooling the yoghurt samples were
stored in the cold room (5°C) overnight. The yoghurt varieties could be analysed
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on the following day. The analysis of the pre- and post-sweetened yoghurt types
took 2 days. Consequently the fresh yoghurt samples were 1-2 days and the
stored ones 15-16 days old.

Methods

Acidity measurements

The measurements of pH and titratable acidity were made immediately after
each other. The pH was measured with a laboratory pH meter, Radiometer
PHM 61. The titratable acidity of a 50 ml sample of yoghurt was determined by
using 0.25NNaOH as alkali and 2 ml 2% phenolphthalein in alcohol as the
indicator. The results are expressed as °S-H (Soxhlet-Henkel degrees) which are
the number of ml 0f0.25 » NaOH required to neutralize 100 mlyoghurt, and are
convertible to percent lactic acid by dividing 44.4.

Viscosity measurement

Apparent viscosity was measured in a Rotovisco RV 3 (Haake) rotation
viscometer. The flag type rotor FL 100 was used for measurements. About
120 ml of yoghurt in a Duralex glass was tempered to 25°C for measurements.
The values measured at the speed of 200 rev/min were the most reproducible
and therefore the measurements in this study were made only at this speed.
Three replicates of every yoghurt variety were analysed when fresh (1-2 days
old) and after 2 weeks; storage at 5°C.

Sensory evaluation

The most preferred sweetness level of every sweetener was determined by a
rank order test. The judges were asked to arrange four vanilla flavoured yoghurt
samples sweetened with different amounts of the same sweetener in preference
order. The alternative concentrations were as follows: 6, 8, 10 and 12% by
weight for sucrose; 6,8,10 and 12% for xylitol; 5,7,9 and 11% for fructose; 10,
15, 20 and 25% for sorbitol; 0.03, 0.07, 0.013 and 0.019% for cyclamate, and
0.010, 0.015, 0.020 and 0.025% for saccharin.

The appearance, texture and aroma of the different yoghurt types before and
after storing were evaluated by a scoring test, using the following scores: 5,
excellent, 4, good, 3, satisfactory, 2, fair, 1, bad and 0, unfit to eat. When the
score was 3 or lower the judges were asked to state the nature of the fault. The
taste panel ofeight members was familiarized in advance with the score card and
the list of possible faults.

Microbiological analysis

Plate count agar (Oxoid) was used for the total bacterial count. Incubation for
3 days was at first performed at 30°C. Growth of colonies was poor at this
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temperature and therefore a higher temperature, 35°C, was used during the rest
of the study.

Coliforms were counted on violet red bile agar (Difco) after incubation at
35°C for 24 hr.

Yeasts and moulds were grown on malt agar (Difco) at 25°C for 5 days. The
pH of the substrates was lowered to 3.5 by means of lactic acid (lactic acid :water,
1:10). All the plates, with less than 300 colonies, were counted. The weighted
mean was used when calculating the number of bacteria per millilitre.

Storage stability

All the yoghurt types were stored at 5°C for 15-16 days, the xylitol-sucrose
and sorbitol-sucrose varieties for as long as 22-23 days. The stored yoghurt
varieties were examined by the same methods as the fresh yoghurt.

Results and discussion

Selection ofconcentration ofsweeteners

The data of the rank order tests for the selection of suitable sweetener
concentrations for vanilla flavoured yoghurt are given in Table 1. Since some
judges found samples sweetened by saccharin totally unacceptable, in further
studies a mixture of xylitol (4%) and saccharin (0.007%) was used instead of
saccharin alone. The post- and pre-sweetened yoghurt types were prepared with
selected, most preferred sweetness level of each sweetener.

Effects ofdifferentsweeteners on the quality ofyoghurt

Acidity. The pH values of the post-sweetened and the corresponding pre-
sweetened yoghurt types before and after storage and the respective values for
titratable acidity are shown in Table 2.

Table 1. The most preferred concentrations of
sweeteners in yoghurt by rank order test of

eight judges

The most preferred

Sweetener concentration (%)
Sucrose 8

Xylitol 8*

Fructose 7*

Sorbitol 15*

Cyclamate 0.07*

Saccharin 0.010 and 0.015

*Significantly superior (P < 0.05).
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The sweeteners had hardly any effect on the sourness of the post-sweetened
varieties. The fresh pre-sweetened varieties differed from each other in acidity.
The most exceptional was the sorbitol yoghurt, the pH of which was 6.8. It was
not soured at all. During storage for 2 weeks at 5°C the pH of the yoghurt
varieties was lowered by 0.05-0.25 pH units.

Viscosity. Viscosities of both the pre- and post-sweetened yoghurt types
before and after storage are given in Table 2.

Before storage the viscosity of the post-sweetened yoghurt varieties was the
same in all except sorbitol yoghurt, which was lower. After storage the viscosities
of the different yoghurt varieties varied slightly, but the viscosity of sorbitol
yoghurt was still the lowest.

The viscosity of the pre-sweetened sorbitol yoghurt was significantly lower
than that of the other varieties. During storage the viscosities of all the yoghurt
varieties with the exception of sorbitol sweetened were lowered. A possible
explanation for the phenomenon might be breakdown of the precipitated
proteins in the sour yoghurt samples. At pH 4.6 the precipitation is complete
(Humpreys & Plunkett, 1969), hence the pH 6.6 of the stored sorbitol yoghurt
was still too high for the formation of coagulum.

Sensory properties. Data on the sensory analysis of appearance, texture and
flavour of the post-sweetened yoghurt type are shown in Fig. 1 and the corres-
ponding data on the pre-sweetened yoghurt are shown in Fig. 2. The post-
sweetened varieties did not differ in appearance or in texture. They were
regarded as good in both characteristics before storage. After 2 weeks’ storage

Table 2. The pH, titratable acidity and viscosity of the post- and pre-sweetened yoghurt varieties
measured both before and after storage

Titratable acidity Viscosity*!
Yoghurt type and variety pH (°S-H) (cP)
Post-sweetened 2/16 days
8% Sucrose 4.1/3.95 43.8/54.5 459/459
8% Xylitol 4.1/3.95 44.2/52.5 459/426
1% Fructose 4.0/3.90 42.6/51.0 459/459
15% Sorbitol 4.1/3.90 40.6/49.6 393/360
0.07% Cyclamate 4.1/3.90 43.8/55.0 459/459
4% Xylitol + 0.007% Saccharin 4.1/4.0 45.8/53.0 459/491
Pre-sweetened 2/15 days
8% Sucrose 4.0/3.95 52.5/61.0 710a/546a
8% Xylitol 4.4/4.25 43.2/47.0 666a/557a
7% Fructose 4.2/4.10 42.5/50.0 688a/633a
15% Sorbitol 6.8/6.60 5.8/7.0 109b/382b
0.07% Cyclamate 4.1/3.85 54.0/59.0 710a/622c
4% Xylitol + 0.007% Saccharin 4.2/4.0 45.7/49.4 710a/655c

*Mean values with common letters are not significantly different (P < 0.05).
tOnly one measurement of the post-sweetened yoghurt varieties.
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Figure 1. Mean scores for appearance, texture and flavour of the post-sweetened
yoghurt before and after storage. Sue = sucrose, Xyl = xylitol, Fru = fructose. Sor =
sorbitol, Cycl = cyclamate, Sacch =saccharin. m, Before storage (2 days); O, after
storage (16 days).
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Figure 2. Mean scores for appearance, texture and flavour of the pre-sweetened
yoghurt before and after storage. Sue = sucrose, Xyl = xylitol, Fru = fructose, Sor =
sorbitol, Cycl = cyclamate, Sacch = saccharin. Key as Fig. 1.

the scores were lower in most cases. The sorbitol sweetened yoghurt was the
only one whose appearance scores were lower than good after storage.

The mean flavour scores for the different varieties differed more from each
other. The highest score was given to the flavour of the fructose yoghurt and the
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lowest to the cyclamate yoghurt, which was considered to have an oxidized
taste. Some judges noted a slight aftertaste in the sorbitol yoghurt and some
regarded the tastes of the xylitol and the xylitol-saccharin varieties as abnormal.

Storage had either an enhancing effect or no effect on the flavour scores of the
post-sweetened yoghurt varieties. The most striking change was the rise in the
xylitol-saccharin yoghurt flavour score, possibly due to the taste balancing
effect of the storage time on this mixture-sweetened yoghurt type.

The appearance scores given to the different pre-sweetened yoghurt varieties
were very similar (Fig. 2) with the exception of the sorbitol and the cyclamate
yoghurt scores. The appearance of the sorbitol yoghurt resembled milk more
than yoghurt. Some whey had separated from the cyclamate yoghurt, lowering
the appearance scores.

After storage the appearance of all the yoghurt varieties except the sorbitol
yoghurt was regarded as good. In fact, the mean appearance scores were higher
after than before storage with the exception of the sorbitol yoghurt.

The texture of all the varieties with the exception of the sorbitol-sweetened
was regarded as good both before and after storage. The texture of the sorbitol
yoghurt was judged to be bad. It was too thin, like milk, because of no souring.

Before storage the flavour of the sucrose yoghurt was superior and that of
sorbitol yoghurt inferior to the others, which were regarded as at least satis-
factory. The taste of the sorbitol yoghurt was non-typical, cooked and very
sweet because no acid was formed in the product.

After two weeks’storage (at 5°C) there were so many coliform bacteria in the
sorbitol yoghurt that it was regarded as unfit to be eaten or for sensory evalua-
tion. The flavours of the sucrose, xylitol and fructose yoghurt varieties were
regarded as good and the cyclamate and xylitol-saccharin varieties were still
satisfactory after 2 weeks’storage.

Microbiological quality. The total bacterial counts including the yoghurt
bacteria of the post-sweetened yoghurt varieties before and after storage and
the number of coliforms, yeasts and moulds are given in Table 3.

Table 3. The total bacterial counts and number of coliforms, yeasts and moulds per millilitre in the
post-sweetened yoghurt varieties before and after storage for 16 days at 5°C

Total bacteria
(x 109 Coliforms Yeasts Moulds

Yoghurt variety Before After Before After Before After Before After

8% Sucrose 15 5.7 0 2 0 0 0 0
8% Xylitol 18 55 0 0.3 0 0 0 0
7% Fructose 3.3 79 0 0.5 0 0 0 0.3
15% Sorbitol 25 35 0 0 0 0 0 0
0.07% Cyclamate 2.6 3.7 0 0 0 0 0 0
4% Xylitol +

0.007% Saccharin 3.0 4.0 0 0 0 0 0 0
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The total bacteria in the fresh post-sweetened yoghurt varieties varied from
1.5 X 108 to 3.3 x 108 organisms/ml. During storage the number of bacteria
increased in all the yoghurt varieties, without significant differences according
to the sweetener used. The number of undesirable organisms, coliforms, yeasts
and moulds was very low in the post-sweetened yoghurt type.

The total bacterial counts of the fresh pre-sweetened yoghurt type were equal
to the post-sweetened yoghurt, with the exception of sorbitol yoghurt which
contained only 2.0 x 10s organisms/ml (Table 4).

During 2 weeks’storage at 5°C the total number of bacteria increased slightly
in most of the pre-sweetened varieties. The increase was greatest in the sorbitol
yoghurt. However, even after storage the total number of bacteria in the
sorbitol yoghurt remained lower than in the other varieties. In the pre-
sweetened xylitol yoghurt the total bacteria number did not increase during
storage. These two effects probably reflect the unsuitability of these sugar
alcohols for the nourishment of the yoghurt bacteria.

Table 4. The total bacterial counts and number of coliforms, yeasts and moulds per millilitre in the
post-sweetened yoghurt varieties before and after storage for 15 days at 5°C

Total bacteria Coliforms Yeasts Moulds

Yoghurt variety Before  After Before After Before After Before After

8% Sucrose 15x 108 42x108 0 0 0 0 0 0
8% Xylitol 22x108 19x 108 0 13 0 0 0.3 0
7% Fructose 23x10s 25x 108 05 0 0.3 0 0.8 05
15% Sorbitol 20x 105 6.0x 107 32 60 o) 0 0 0.3
0.07% Cyclamate 4.3 x 108 48x 108 O 0 0 0 0 0
4% Xylitol +

0.007% Saccharin 23 x 10“ 31x 10 0 0 0 0 0 0

A slight post-souring (higher acidity and total bacterial count) noted in both
the post- and pre-sweetened yoghurt type after 2 weeks’ storage means either
that the temperature of the yoghurt samples did not fall to 5°C during the first
day when they were stored before the first analysis, or that other lactic acid
bacteria in addition to Lactobacillus bulgaricus and Streptococcus thermophilus
were present in the yoghurt. According to Buchanan & Gibbons (1974),
L. bulgaricus will not grow at temperatures below 15°C and Str. thermophilus at
below 20°C. There are certain lactic acid bacteria, however, that can grow
slowly at the cold room temperature.

The number of coliform bacteria and yeasts was exceptionally high in the
pre-sweetened, non-soured sorbitol yoghurt. In the other pre-sweetened
varieties the number of these undesirable organisms was low.
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Table 5. The pH, titratable acidity and viscosity of the yoghurt post- and pre-sweetened with
different amounts of xylitol. Measurements were made before and after storage for 16 days at 5°C

Titratable acidity
pH (°S-H) Viscosity (cP)*
Yoghurt
(m Xylitol) Before After Before After Before After
Post-sweetened
0.165 385 385 510 538 513¢ 393"
0.330 390 385 53.0 54.8 524a 371
0.495 385 385 515 52.8 513 360
0.659 385 390 50.0 52.6 524 393
0.824 385 390 50.5 520 524 338
Pre-sweetened
0.165 4.05 385 450 499 873c 753c
0.330 4.10 4,00 42.0 46.0 950e 862c
0.495 425 415 39.0 416 797d 830c
0.659 430 425 350 390 742d 830c
0.824 455 440 300 342 677d 710C

*Mean values with common letters are not significantly different (P<0.05).

Effects of different concentrations of xylitol and sorbitol on the quality of
yoghurt

The effects 0fo.165, 0.330, 0,495, 0.659 and o .s 24~ Xylitol and sorbitol were
studied.

Acidity. The pH values of the post- and pre-sweetened yoghurt types which
were sweetened with different amounts of xylitol and the corresponding titratable
acidity are given in Table 5.

Xylitol in the concentrations 0f 0.165-0.824 m had no effect on the acidity of
the post-sweetened yoghurt. In the pre-sweetened yoghurt a slight but clear
decrease in acidity could be noted as the xylitol concentration was increased.
During storage a slight post-souring had occurred.

The pH values of the post- and pre-sweetened yoghurt types sweetened with
different amounts of sorbitol and the corresponding titratable acidity are given
in Table 7.

Increasing sorbitol concentrations seemed to have a very slight if any effect on
the acidity of the post-sweetened samples. On the other hand, the effect of
increasing concentrations of sorbitol on the pre-sweetened yoghurt type was
drastic. The pH values of the yoghurt samples containing 0.165 and 0.330 m
sorbitol were still quite normal (3.95 and 4.00), but the pH of the yoghurt with
0.495 m or higher concentrations of sorbitol was that of milk or even higher. The
titratable acidity decreased as drastically as the pH values increased. Storing
increased the titratable acidity slightly in most samples.
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Table 6. The total bacterial counts and number of coliforms, yeasts and moulds per millilitre of the
yoghurt post- and pre-sweetened with different amounts of xylitol before and after storage for
15 days at 5°C

Total bacteria Coliforms Yeasts Moulds
Yoghurt type
(Mxylitol) Before  After Before After Before After Before After
Post-sweetened
0.165 25x 10a 51x 108 0 0.3 0 0 0 0.3
0.330 1.8x 108 4.8x 108 05 0 0 0 0 0.8
0.495 17x 108 54x 108 0 0.3 0 0.3 0 05
0.659 15x 108 5.7x 108 0 0 0 0 0 15
0.824 8.8 X107 4.7x 108 0 0.3 0 0 0 05
Pre-sweetened
0.165 53x 10s 2.7x 108 0 0 0 0 05 0.3
0.330 55x 108 19x 108 0 0 0 0 0.8 0
0.495 48x 108 16x 108 0 0 0 0 20 0
0.659 46x 10s 10x 108 10 0.8 0 0 10 05
0.824 3.8x 108 7.7 X107 0.3 0.3 0 0 0.8 0

Viscosity. The data on the viscosity of the xylitol sweetened yoghurt are given
in Table 5.

The viscosities of the post-sweetened yoghurt varieties, although containing
different amounts of xylitol, were almost similar. After 2 weeks’ storage the
viscosity was decreased and the values were more diverging, but the differences
were insignificant (P<0.05). The viscosity of the pre-sweetened yoghurt
steadily decreased as the concentration of xylitol increased.

The viscosities of the sorbitol sweetened yoghurt varieties are given in Table 7.
The viscosities of the freshly prepared post-sweetened samples did not vary
significantly (P < 0.05). After 2 weeks’storage at 5°C the viscosities were lower.
The viscosity of the pre-sweetened yoghurt the sorbitol concentration of which
was 0.495 m or higher was that of sorbitol sweetened milk.

Microbiological quality. The numbers of total bacteria, coliforms, yeasts and
moulds per millilitre of post- and pre-sweetened yoghurt with different amounts
of xvlitol as freshly prepared and after f5 days of storage at 5°C are given in
Tabie 6.

The highest number of total bacteriawas found in the post-sweetened yoghurt
with the lowest concentration of xylitol. The difference may be due to the
dilution effect of the growing proportion of the added xylitol. After storage the
total bacteria count was increased and independent of the xylitol concentration
used. The number of undesirable organisms was low.

The difference in the total bacterial counts between the pre-sweetened xylitol
yoghurt varieties were of the same magnitude as in the post-sweetened varieties.
The total bacteria counts of the pre-sweetened yoghurt decreased during
2 weeks’storage at 5°C, which was opposite to the effect in the post-sweetened
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Table 7. The pH, titratable acidity and viscosity of the yoghurt post- and pre-sweetened with
different amounts of sorbitol. Measurements were made before and after storage for 16 days at

5°C

Yoghurt type
(m Sorbitol)

Post-sweetened
0.165
0.330
0.495
0.659
0.824

Pre-sweetened
0.165
0.330
0.495
0.659
0.824

Titratable acidity
PH (°S-H)
Before After Before After
3.80 3.80 54.2 58.0
390 3.80 50.2 57.6
3.90 3.80 50.0 54.8
390 3.80 50.8 54.8
3.90 3.80 484 534
3.95 3.95 47.0 55.4
4.00 4.05 43.6 53.0
6.45 6.70 8.7 6.0
6.85 6.85 4.6 4.8
6.90 6.90 4.6 48

Viscosity (cP)*
Before After
633a 437b
775 524h
677a 6lla
666a 480b
688a 600a
105% 972e
1168e 1081e
120d 87d
131d 120d
131d 98d

*Mean values with common letters are not significantly different (P< 0.05).

yoghurt. Numbers of coliforms, yeasts and moulds were also low in the pre-

sweetened yoghurt.
The data on the microbiological analyses of the yoghurt samples post- and

pre-sweetened with different amounts of sorbitol are given in Table 8.

Table 8. The total bacterial counts and number of coliforms, yeasts and moulds per millilitre of the
yoghurt post- and pre-sweetened with different amounts of sorbitol before and after storage for

16 days at 5°C

Yoghurt type
(m sorbitol)

Post-sweetened
0.165
0.330
0.495
0.659
0.824

Pre-sweetened
0.165
0.330
0.495
0.659
0.824

Total bacteria

Before  After

4.8 x 10"
4.6 x 10"
3.8x 10
4.0x 10*
3.3x 10"

3.8 X10"
3.4 x 10¢
39x 10"
4.2 x 10¢
41 x 10

2.6 x 10"
23x 10" 2.3«x
2.0 X105 4.8 x
< 1X105 1.0x
40x 104 10x

2.0x 10¢

Coliforms

Before After

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

Yeasts

Before After

oNoNoNoNe)

[cNoNoNoNo]

cNoloNoNe)

Moulds

Before After

0.5 0

0.3 0.3
0 18
0.3 0.8
05 15
13 05
0 0.3
0 0

0.3 0

0.3 0.3
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No significant differences were noted in the total bacteria counts of the
post-sweetened sorbitol yoghurt varieties either before or after storage. The
post-sweetened yoghurt contained some moulds but no coliforms or yeasts. The
yoghurtsamples were presumably contaminated during the addition of sorbitol.

Table 8 shows a normal total bacteria count in the pre-sweetened sorbitol
yoghurt samples with the two lowest concentrations of sorbitol, whereas the
counts in the following higher sorbitol concentrations were significantly lower
(s¢ 2.0 x 10s organisms/ml). During 2 weeks’ storage the total bacteria in the
latter samples decreased significantly. Some yeasts and moulds were found in
the pre-sweetened sorbitol yoghurt, but the number was very low.

Xylitol-sucrose and sorbitol-sucrose combinations

In order to balance the positive and negative effects of xylitol and sorbitol as
bacterial growth inhibiting agents, pre-sweetened yoghurt was prepared with
combinations of xylitol and sucrose and of sorbitol and sucrose. The ability of
the sugar alcohols to prevent acid formation was regarded as positive if an
excessively high acidity of yoghurt could be prevented, but as negative if the
inhibitory effect was so great that appearance, texture or flavour was no longer
typical of yoghurt.

The combinations were prepared so that the sweetness of each variety of
yoghurt was at an acceptable level and that all were as near one another as
possible. The dry matter added into the yoghurt as sweetener was maintained
constant. The pre-sweetened yoghurt containing 8% sucrose was regarded as
the reference in studying the xylitol-sucrose combinations. The combinations
used were: 6% xylitol + 2% sucrose; 4% xylitol + 4% sucrose; and 2% xylitol +
6% sucrose. The sorbitol-sucrose combinations in the pre-sweetened yoghurt
were: 4% sorbitol + 6% sucrose; 6% sorbitol + 4% sucrose; 7% sorbitol + 3%
sucrose; and 8% sorbitol + 2% sucrose. The pre-sweetened yoghurt with 10%
sucrose was regarded as the reference in this case.

Acidity of xylitol-sucrose and sorbitol-sucrose sweetened yoghurts. The pH
and titratable acidity of the xylitol-sucrose sweetened yoghurt are given in
Table 9.

W ith a decreasing proportion of xylitol in the combination there was a slight
but steadily increasing acidity. In all combinations, however, the acidity was
close to the acidity of the reference yoghurt and it increased somewhat during
storage.

The pH and titratable acidity of the sorbitol-sucrose sweetened yoghurt
(Table 9) give more detailed information than the earlier part of this study (Table 2)
about the concentration of sorbitol which causes a serious inhibiting effect on
the growth of yoghurt bacteria.

The yoghurt containing 6% sorbitol showed incipient growth inhibition.
W hen the sorbitol concentration of the yoghurt was 7%, the pH of the product
was significantly higher (4.75) than the normal pH of yoghurt. At the sorbitol
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Table 9. The pH, titratable acidity and viscosity of the yoghurt pre-sweetened with various
combinations of xylitol and sucrose, and sorbitol and sucrose. Similarly prepared yoghurt samples
containing 8 and 10% of sucrose were used as respective references. Measurements were made of
yoghurts freshly prepared and after 22-23 days of storage at 5°C

Titratable acidity

pH (°S-H) Viscosity (cP)*
Pre-sweetened
yoghurt variety Before After Before After Before After
2% Sucrose 4.25 4.00 405 44.6 6lla 6lla
6% Xylitol
4% Sucrose 4.20 3.95 42.0 452 721b 600a
4% Xylitol
6% Sucrose 415 3.90 43.6 46.8 721b 600a
2% Xylitol
8% Sucrose 410 3.90 46.8 49.8 677b 655a
6% Sucrose 4,10 3.90 39.0 449 917c 633d
4% Sorbitol
4% Sucrose 4.30 4.20 34.4 35.7 873k 666d
6% Sorbitol
3% Sucrose 475 4.45 25.8 284 622d 459
7% Sorbitol
2% Sucrose 6.00 5.20 114 22.8 120e 175f
8% Sorbitol
10% Sucrose 4.15 3.95 38.8 45.6 884c 710c

*Mean values with common letters are not significantly different (P<0.05).

concentration of 8% the acidity (pH 6.0) was no longer adequate to cause
coagulation.

During three weeks’ storage at 5°C all the sorbitol-sucrose varieties were
soured more, but only the combination of 6% sucrose and 4% sorbitol produced
the normal yoghurt acidity (Table 9).

Viscosity of xylitol-sucrose and sorbitol-sucrose yoghurts. The viscosities of
the xylitol-sucrose and sorbitol-sucrose sweetened yoghurt varieties are given
in Table 9.

The viscosity of the fresh yoghurt containing 6% xylitol was lower than that of
the other xylitol-sucrose yoghurt varieties or the reference yoghurt. After 3
weeks’storage at 5°C there was no significant difference between the viscosities
of the different varieties.

The viscosities of the sorbitol-sucrose sweetened yoghurt varieties containing
4 or 6% of sorbitol did not differ from the viscosity of the sucrose reference
(P < 0.05). Those varieties that contained 7 or 8% of sorbitol had a significantly
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Figure 3. Mean scores for appearance, texture and flavour of the yoghurt pre-
sweetened with various combinations of xylitol and sucrose. Sensory evaluation was
made both before and after storage. Sue = sucrose, Xyl = xylitol. m, Before storage
(2 days); O, after storage (23 days).

lower viscosity than any of the others. The viscosities of the sour samples were
lowered during storage.

Sensory evaluation. The data on the sensory evaluation of the pre-sweetened
xylitol-sucrose yoghurt varieties are shown in Fig. 3.

The appearance of the yoghurt varieties containing both xylitol and sucrose
and also the pre-sweetened sucrose reference was considered to be satisfactory.
Formation of whey was often mentioned as a fault in the appearance of all the
xylitol-sucrose varieties.

The texture of the xylitol-sucrose varieties as well as that of the sucrose
reference was judged to be fairly good. No significant differences were noted
between the varieties.

The flavour of the yoghurt varieties containing 2 and 4% xylitol was judged to
be as good as the reference. The variety with 6% xylitol was given lower flavour
scores because of poor flavour and insufficient sourness.

The appearance scores for the pre-sweetened sorbitol-sucrose variety with
4% sorbitol, was regarded as good and even better than the reference. The
reason for the low appearance scores for other varieties was stated to be the
separation of whey and formation of gas bubbles in the yoghurt.

After 3 weeks’ storage at 5°C the mean appearance scores of all varieties
except that containing 8% sorbitol were higher than before storage. The
tendency to whey separation decreased during storage.

The mean texture scores for the reference yoghurt containing 10% sucrose
and for the varieties containing 4 or 6% sorbitol were good. The variety with 8%
sorbitol was judged to be bad. The last was not coagulated at all. Three weeks’
storage at 5°C did not change the mean texture scores significantly.
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Figure 4. Mean scores for appearance, texture and flavour of the yoghurt pre-
sweetened with various combinations of sorbitol and sucrose. Sensory evaluation was
made both before and after storage. Sue = sucrose, Sor = sorbitol. Key as Fig. 3.

W ith decreasing proportions of sorbitol in the sorbitol-sucrose combinations
the mean flavour scores of these yoghurt varieties increased.

The flavour of the sorbitol-sucrose varieties was considered to have improved
during storage. However, the more sorbitol was used in the yoghurt the more
non-typical the flavour was considered to be. The faults noted were an oxidized
taste, a taste of cardboard, or excess sweetness.

Conclusions

In evaluating the data of this study the following conclusion can be drawn. The
pH and titratable acidity of the yoghurt were ingood correlation. The changes in
acidity were accompanied by changes in the total bacteria counts and viscosity.
The sensory properties correlated with the titratable acidity in that when the
acidity was low the flavour scores in the sensory evaluation also were low.

The sweetening of yoghurt after incubation succeeded well with any of the
sweeeteners (fructose, xylitol, sorbitol, cyclamate, xylitol-saccharin) without
marked deterioration of any quality characteristic. The sweetening of yoghurt
with sorbitol before incubation proved impossible. The product produced had
no characteristics typical of yoghurt. The amount of sorbitol (15%) needed to
obtain asuitable sweetness had too great an inhibiting effect on bacterial growth
in the yoghurt culture.

It proved possible to use xylitol also for pre-sweetening yoghurt, although this
sweetener had some inhibiting effect on bacterial growth. At the 8% concentra-
tion needed for sweetening, the inhibiting effect of xylitol was not appreciable.
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The inhibiting effect of sorbitol on the growth of bacteria in the pre-sweetened
yoghurt began to affect the properties of the product at the concentration of
7% . The yoghurt with 7% of sorbitol was not sufficiently sweet. Therefore
sorbitol is not suitable for sweetening of yoghurt before incubation, but it
succeeded in combination with sucrose. For example the pre-sweetened
yoghurt containing 4% sorbitol and 6% sucrose did not differ from the sucrose
sweetened reference.
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Dehydration of carrots

Effects of pre-drying treatments on moisture transport and product
guality

G. MAZZA

Summary

The effect of blanching, sulphiting, starching, freezing and sucrose and sodium
chloride dipping before air drying on moisture transport during carrot cube
dehydration was studied. The results, interpreted in terms of existing theories
combined with physical considerations, provide evidence that factors such as
blanching, freezing and sucrose dipping affect moisture transport and product
quality.

Introduction

Even with the development of newer drying techniques, most vegetables are still
air dried because this method of dehydration is still the simplest and most
economical. Major problems associated with air dehydration are the consider-
able shrinkage caused by cell collapse following the loss of water, the poor
rehydration characteristics of the dried product, and the unfavourable changes
in colour, texture, flavour and nutritive value caused by drying.

A number of authors have suggested pre-drying treatments of solid food
materials as a means to both improve product quality and reduce product water
load to the dryer. Karel & Flink (1978) and Flink (1980) have reported the
results of studies on concentration of carrots in mixed lactose-salt and sucrose-
salt systems. Hawkes & Flink (1978) have reported on the effectiveness of mixed
carbohydrate systems for osmotic concentration of apple slices. Speck, Escher
& Solms (1977), Curry, Bums & Heidelbaugh (1976), Neumann (1972) and
others have shown that treatment of sliced vegetables with sodium chloride,
sugars and glycol prior to dehydration improves rehydration, colour, texture
and flavour of the finished product.

Author’saddress: Alberta Horticultural Research Centre, Brooks, Alberta TOJ 0J0, Canada.
Present address: Agriculture Canada Research Station, P.O. Box 3001, Morden, Manitoba
ROG 1J0, Canada.
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Saravacos & Charm (1962) found that steam blanching of potatoes had no
significant effect on drying rate when compared with the control sample dried at
66°C. Vaccarezza, Lombardi & Chirife (1974) found that water blanching of
sugarbeet root slabs (using wrapped samples to avoid soluble solid loss) had no
significant effect on drying rate at 60°C, but at 47°C it somewhat increased the
rate. Alzamora & Chirife (1980) reported that blanching and freezing had little
influence on the drying rate of avocado.

The aim of this study was to determine the effect which water blanching,
sulphiting, starching, freezing, and sucrose and sodium chloride dipping applied
before air drying had on the rate of moisture movement during carrot cubes
dehydration and on finished product quality.

Materials and methods

The dehydration equipment and experimental method have been described in
detail in a previous paper (Mazza & LeMaguer, 1980). Therefore, only modifi-
cations are presented here.

The carrots, ‘Spartan Fancy’, were washed, mechanically peeled and diced
into 0.95 cm cubes. The cubes were then treated in the following ways:

(1) One partofcarrots was blanched in three parts of boiling water for 3 min and
immediately cooled in ice water.

(2) Carrots which were treated as described under (1) were dipped additionally,
after cooling, into 1% sodium bisulphite solution for 1sec.

(3) Carrots which were treated as described under (2) were dipped, after
draining for 3-4 min, into a 2.5% waxy maize starch (Col-Flo 67) or corn starch
(Melojel) suspension at 80°C for 1 sec.

(4) Carrots which were treated as described under (1) were immersed in 5, 10 or
60% sucrose or 10% sodium chloride solution for 30 min at 20°C.

(5) Carrots that were treated as described under (1) were frozen by placing in a
freezer at —20°C for 60 hr then allowed to thaw at room temperature.

All samples were dehydrated in a Vibro Fluidizerat50°C, 8.1 nri/min airflow
rate and at a loading ratio of 16 kg/m2of drying area.

Drying curves were determined by periodic weighing of 5% of the mass of
carrots in the dehydrator and by graphical integration of the thermograms. The
carrot subsample used to follow the change in moisture content with time, was in
a pre-tared wire screen basket (11 x 14 x 9 cm) fastened to prevent loss of small
pieces. The shrinkage of the carrot cubes after various times of drying was
determined from specific volume measurements by the displacement of toluene.

The equilibrium moisture contents (Ae) of carrots treated as described under
(4) were determined by placing subsamples in vacuum desiccators containing
saturated salt solutions which give different constant relative humidities (Rock-
land, 1960). The desiccators were kept at constant temperature until equilib-
rium was reached. The time required for the samples to reach equilibrium varied
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with the relative humidity and the temperature. By plotting the moisture
content of the samples, expressed in kg water/kg dry solids versus water activity
Gw), the desorption isotherms were obtained. To obtain adsorption isotherms,
the carrots treated as described under (4) were first freeze dried and then placed
into atmospheres of water activity range 0.11 =£3K=s 1.00 and kept there until
equilibrium was reached. The moisture content of the samples, expressed again
as kg water/kg dry solids, was plotted versus a”.

Rehydration of dehydrated carrots was measured in distilled water at 25°C.
Five grams of dehydrated carrots were added to 150 ml of distilled water in a
250 ml beaker, mixed thoroughly and allowed to rehydrate for various lengths of
time. At the end of the rehydration period the carrot cubes were filtered off
using a No. 4 Whatman filter paper and slight vacuum and weighed. Soak water
was retained and analysed for solid content. Rehydration ratios were calculated
by dividing rehydrated weight by the initial dry matter weight (including sugar
or salt in dry matter).

Results and discussion

The effect of blanching, sulphiting, starching and freeze thawing on the rate of
drying of carrot cubes is shown in Fig. 1. Although both blanching and freeze
thawing increased the drying rate, blanching had a more significant influence
than freezing on the rate of moisture transport in carrots. Sulphiting and
starching of blanched carrots had no effect on the rate of drying. Blanching is

°r Y

B ,/%// [m]
z }/

Ke)
s 6 7
/. e

[=)] / Vg
i( - /Q///
o Ao
- e
I=d 4 /ﬂ/_/' /
o P
AN B V.4
X [

o ard

8./
A
w5
AN N N N N SR N R
0 I 2 3 4 5 6 7 8 9

X (kg H>0/ kg DM)
Figure 1. Rate of dehydration of raw, freeze thawed, blanched, blanched and
NaHS03and blanched, NaHS03and starched carrot cubes at 50°C and 8.1 m3min air
flow rate, ¢, Blanched, NaHS03and melojel; m, blanched NafISO, and col-flo; A,
blanched and NaHS03; 0, blanched; o, freeze thawed; A, untreated.
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considered in the literature to affect the rate of vegetable drying although there
is little experimental evidence. It is believed that the aspects responsible for the
effect of blanching are: (a) change in physical properties of the tissue, such as
destruction of the cell membranes by heat; and (b) loss of soluble solids, which
as shown by Vaccarezza & Chirife (1975), affect the rate of drying. Freeze
thawing was shown to have a less significant effect than blanching on the rate of
drying of carrots, possibly because it altered only the physical characteristics of
the tissue.

The effect of sucrose dipping on the rate of moisture removal of carrots is
shown in Figs 2 and 3. From Fig. 2 it can be observed that as the concentration of
sucrose, used for dipping the cubes for 0.5 hr was increased from 5 to 60%,
moisture content of the carrots decreased from 9.0 to 3.6 kg FI20/kg DM (same
as from 90 to 78% H2). With air drying, the moisture content of carrots
dropped rapidly, however, in spite of the fact that some water had been
removed during the dipping in the sucrose solutions, drying times necessary to
reach low residual moisture content were actually increased. Figure 3 isaplot of
the drying rate of sucrose- and NaCl-dipped carrots versus mean moisture
content. It can be observed that with NaCl and increasing concentration of
sucrose treatment, the rate of moisture transport decreased substantially.
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Figure 2. Effect of pre-drying sucrose dipping on the rate of moisture removal from
carrot cubes dehydrated at 50°C, 16 kg/m2drying surface and 8.1 m3min air flow rate.
X, 5% Sucrose; *, 20% sucrose; +, 60% sucrose.
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It is well known (Ponting et al., 1965; Hawkes & Flink, 1978) that the
concentration effect of sucrose results from osmotic dehydration and from sugar
uptake by the treated material on its surface. The lower rates of moisture
transport observed in air drying of sucrose treated carrots can be attributed to
two reasons: (1) sucrose that crystallizes during the air drying process lowers the
diffusivity of water vapour and impairs heat transfer within the product; and (2)
the vapour pressure of water in the product is depressed due to dissolved sugar.
Thus, the vapour pressure difference between drying air and product decreases
and this results in a lower drying rate.

The equilibrium moisture contents of sucrose treated carrots determined
using raw and freeze dried samples were also affected by the sucrose concentra-
tion (Figs 4, 5 and 6). At low water activities, the increase in sucrose concentra-
tion increased the equilibrium moisture content when this was determined using
raw samples (Fig. 4). This finding is consistent wih the observed effect of sugar
concentration on air drying of carrots. Figure 4 also shows that although the
sucrose treated product contains more moisture than the untreated material its
aw is lower, therefore the higher sucrose containing product is as stable as the
blanched material with less moisture but same aw.

W hen the equilibrium moisture content was determined using sugar dipped,
freeze dried carrots, at low and intermediate water activity, the increase in
sucrose concentration decreased the equilibrium moisture content (Fig. 5). This
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Figure 5. Adsorption isotherms of blanched, sucrose treated and freeze dried carrot
cubes at 40°C. V, Control; x, 5% sucrose; ¢, 20% sucrose; +, 60% sucrose.
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Figure 6. Water uptake by blanched, sucrose treated and freeze dried carrot cubes at
40°C. +, 5% Sucrose; ¢, 20% sucrose; X , 60% sucrose.

effect of sucrose is due to change in state of the sugar. It has been reported
(Karel, 1975) that sucrose may be present in one of several states: crystalline
solid, amorphous solid (bound to other food components) and aqueous solu-
tion. When carrots treated with sucrose are freeze dried, the sugar probably
goes into the amorphous form. In this form, it is very hygroscopic and unstable.
However, the very high viscosity of the medium and the presence of non-sugar
fraction in the carrots act as a support and prevent molecular rearrangement.
The adsorption of water imparts mobility to the sugar molecules and this
mobility results in the transformation of sugar from the metastable amorphous
state to the more stable crystalline state which sorbs very little water until water
activity reaches approximately 0.8 and the sucrose begins to dissolve. Also in
this process of transformation the sucrose treated material loses water (Fig. 6)
(Iglesias, Chirife & Lombardi, 1975; Varshney & Ojha, 1977).

W hen the equilibrium moisture content was determined using carrot cubes
immersed in sugar solutions but not followed by freeze drying (Fig. 4), the
sequence of events was different. During the immersion step water diffused
through the cellular surface structure from the carrots to the concentrated
solution. After 30 min, when the carrots were removed from the concentrated
sucrose solution and placed in atmospheres of various water activity (desorp-
tion), the sucrose concentration on the surface of the piece was higher than in
the middle. Exposure of this material to decreasing humidities resulted in
sufficiently slow water loss to produce amorphous sucrose which sorbs more
water than crystalline sucrose (Karel, 1975).

Figures 7 and 8 show the adsorption and desorption isotherms of sodium
chloride and sodium chloride treated carrot cubes at 40°C. It is evident from
these isotherms that at low water activities, the higher the sodium chloride
concentration, the lower the sorption capacity of the carrots. Sodium chloride
adsorbed practically no water at water activities below 0.5. At higher water
activities, however, as for the sucrose treated material, the increase in sodium
chloride concentration increased the equilibrium moisture content. This reflects
the change in state of the salt.
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Figure 9. Rate of rehydration of carrot cubes blanched and dipped in 5, 20 and 60%
sucrose solution for 30 min prior to drying at 50°C and 8.1 m’/min air flow rate. m, 5%
Sucrose; A, 20% sucrose; *, 60% sucrose.

The sorption isotherms of sucrose- or NaCl-treated carrots can then be
interpreted on the basis of their basic components, i.e. polimeric material
(protein, starch, cellulose, pectin) and soluble solids (sugars, salts, acids). The
soluble solids adsorb very little water at low water activities, and adsorption is
mainly due to the polymers. As vapour pressure is increased above the vapour
pressure of the saturated solution of the soluble solids, adsorption increases
considerably and a solution is produced.

This demonstrates that the presence of sucrose or salt on the surface of cubed
carrots impairs moisture uptake and removal. Hence, at the same dehydration
temperature, carrots treated with sucrose or NaCl will always yield more moist
finished product than untreated material. The finished product, however, will
also absorb less moisture and the rehydration ratio will be lower for treated
product than for untreated material.

Measurement of the rehydration ratios of the dry materials used in this
experiment showed significant differences between the control and the treated
samples. At room temperature, the rehydration ratio decreased by over 50% as
the sucrose concentration was increased from 5 to 60% (Fig. 9). This is because
of the sugar on the dehydrated carrots, which rehydrates less than the vegetable
tissue. This has good and bad features; the sugar treated material does not take
up as much water, which may be a disadvantage in hot pies, glazed and candied
cakes, gelatin salad, etc. On the other hand, less rehydration means a crisper
texture. Thiswould be an advantage for eating in soups and stews. Loss of water
soluble solids during the rehydration period was not negligible and was affected
by the pre-drying treatment (Fig. 10). Pre-drying sucrose treatment resulted in
less shrinkage of carrots during air drying. Values for shrinkage were lowest for
the 60% sucrose treated samples and highest for the blanched material.
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From the above discussion it appears that carrots, to be air dried after partial
osmotic drying, will require higher air temperature or more time to reach the
same final moisture content as blanched, blanched and sulphited or blanched,
sulphited and starched carrots. However, the stability of a dehydrated product
is not associated with its minimum total moisture content, but with its water
activity, therefore partial osmotic drying of carrots may still reduce air drying
time and energy consumption. Also, although the texture of osmotically dried
material is more or less open and rigid and the tissue does not collapse as much
during drying, the presence of sugar or salt on the surface of the material has
great bearing on the rehydration characteristics of the finished product and on
the transport of heat and mass during air drying.
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Bound and free water determination by pulsed nuclear
magnetic resonance

A method for data analysis in the presence of exchange

A. DI NOLA ana E. BROSIO

Summary

In the present paper the analysis of the transverse magnetization decay curves of
water is discussed. Whenever the spin-echo decay curve of water does not show
a single exponential behaviour and the apparent relaxation rates of bound and
free component vary with the moisture content, an exchange process must be
hypothesized. A method for obtaining the amount of bound and free water, in
the presence of exchange, isreported. If the described procedure is applied, the
amount of bound water as determined by pulsed nuclear magnetic resonance
(NMR) is in good agreement with the amount of unfreezable water as deter-
mined by other techniques.

Introduction

The longitudinal and transverse magnetization decay curves of water have been
extensively exploited to obtain information on water binding in many foods such
as wheat flour, corn starch, casein, etc. (Leung etal., 1976; Leung, Magnuson &
Bruinsma, 1979), as well as in other substances like silica gel (Zimmerman,
Holmes & Lasater, 1956; Zimmerman & Brittin, 1957; Zimmerman & Lasater,
1958; Woessner & Zimmerman, 1963). The results so far obtained show that the
pulsed nuclear magnetic resonance (NMR) technique is very suitable for deter-
mining the amount and the mobility of free and bound water in the samples.

In many cases however the results obtained by pulsed NMR do not agree with
other observations: for example, the amount of bound water in corn starch
(Leung et al.,, 1976) and in wheat flour doughs (Leung et al., 1979) as deter-
mined by pulsed NMR does not correspond to the amount of unfreezable water
as determined by wide-line NMR (Leung, 1975; Toledo, Steinberg & Nelson,
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1968), differential thermal analysis (DTA) (Davies & Webb, 1969) or differen-
tial scanning calorimetry (DSC) (Bushuk & Mehrotra, 1977). The discrepancies
have been ascribed to a real difference between the bound water as determined
by pulsed NMR and the unfreezable water.

W e believe that, in most cases, a different elaboration of the NMR data can
solve these discrepanices: in such away the bound water contents determined by
the different methods may be related to each other. In the present paper we
report the method to evaluate the experimental data.

In the studies so far reported (Leung etal., 1976, 1979) the spin-echo decay
curve of water does not show single exponential behaviour. This feature was
interpreted as the presence of two types of water molecules, with different
relaxation times, that do not exchange magnetization. The curve was therefore
fitted by the sum of two exponentials:

2(0 =GoK e*P(-MbO +afexP(-hfO] Q)

According to that, the extrapolated values at the time t = 0 of the two exponen-
tials, aband ai, were supposed to coincide with the relative amount of bound and
free water, Ph and P{ respectively, and the rate constants (xo and P& were
identified with the relaxation rates 1/T2and 1/TXof the two types of water in the
sample.

Let us suppose that only two species of water molecules are present, we want
to point out that, even in the presence of exchange between bound and free
water, itis possible that the echo decay curve does not show asingle-exponential
behaviour and it can still be fitted by the sum of two exponentials. In this case
hov/ever the values ab, af, pt, and [xfdo not correspond to Pb, Pf, 1/Tdand 1/7\f,
respectively. The echo decay curve, will be described by a formula like Equation (1)
(Zimmerman & Lasater, 1958; Woessner & Zimmerman, 1963) where

1 ( 1 ) 1 ( 1 )
ap = He — — )5 ag = Hy = —5
M — Mp Ty Mf — Mp Ty
1 1 1 1y’ S
2‘Ub=(C1+C2+——- +—)— [(C2—C1+————) +4C1C2
Ty Ty Ty Tap .
1 1 1 1\? 2
2,Uf=(C1+C2+_“‘+“_‘)+I:(Cz*‘cl'*'——_—)+4CC]
2 Taf Ty Typ v

/Tav=Pb/T2b + Pf/T 2i

and C, andC 2are the rate constants of the exchange process. Only ifC; = C2=0
the ajand |x, coincide with the Ptand I/T* respectively.

Moreover the real (P,, T2) and the apparent (ah |x,) quantities will be related
by:
Pb + Pi

=" 4+ =7 = abPb + fIfMf (2)
-'2b 12f
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The problem, whenever the magnetization decay curves do not show a single
exponential behaviour, is to ascertain whether an exchange process is present,
that is to state whether the apparent quantities can be identified with the real
ones. In many cases it is possible to solve the question: in fact if there is not
exchange, the apparent relaxation rates of bound and free water must not vary
with the moisture content of the sample and they must be equal to the
measurable rates where only one type of water is present.

On the other hand, if an exchange process is present, the apparent relaxation
rates may vary with the moisture content of the sample and their values may
differ from those of bound or free water. For this reason, whenever a variation
of one, or both, relaxation rates is observed an exchange process is to be
hypothesized. This seems to occur on the reported studies on the transverse
magnetization decay of water in corn starch (Leung et al.,, 1976) and in flour
doughs (Leung etal., 1979). In these cases the reported amount of bound water
(0.194 + 0.01 gH zO/g DM for corn starch and 0.62 + 0.03 gH zO/g DM for flour
dough) measured without taking into account the exchange process clearly
coincides with the quantity ab.

However, in spite of the greater complexity of the process, in many cases it is
possible to obtain the real quantities, Ph provided that some conditions are met.
Starting from Equation (2), with Pb+ P{= 1, we obtain:

A - (abM +af M- I/AfVO/Ab —I/AT) (3)

In most cases the transverse relaxation time of free water, T2, even if reduced
because of macromolecular interactions, is at least one order of magnitude
greater than T2b, l/(jiband 1/jjq, so that it can be neglected in Equation (3), which
becomes

A - Ab(flo M + fifMf) (4)

If the real relaxation time of bound water, Tdis known, the amount of bound
water can be derived from Equation (4).

Generally in water binding studies progressive amounts of water are added to
the dried material and for the first additions no free water component is
detected. The measured relaxation time of water in these samples can be then
assumed as the relaxation time of bound water. As concerns the reported studies
on corn starch (Leung etal., 1976) the transverse relaxation time of bound water
can be set as the average value of the relaxation times of the fast decaying
component (1.43 msec) that practically coincides with the relaxation time of
water in the dried sample (A. Di Nola and E. Brosio, unpubl. data). As
concerns the studies on flour doughs (Leung etal., 1979) the relaxation time of
bound water can be taken as the measured value of the immobile fraction of
water in the sample with the lowest moisture content (about 10 msec).

If the described procedure is applied to the reported data obtained for corn
starch (Leung et al., 1976) and wheat flour doughs (Leung et al.,, 1979), the
amount of bound water, Pb, calculated from Equation (4) results 0.28 gH20/g DM
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and 0.34 g HzO/g DM respectively. The amount of bound water as determined
by pulsed NMR according to Equation (4) is now in good agreement with the
amount of unfreezable water as determined by different techniques. In fact for
corn starch wide-line NMR (Leung 1975) gives 0.26 g LLO/g DM of unfreezable
water; for flour doughs wide-line NMR (Toledo etal., 1968), DTA (Davies &
Webb, 1969) and DSC (Bushuk & Mehrotra, 1977) give 0.29, 0.33 and 0.30g
H2/g DM of unfreezable water respectively. That confirms the assumptions
made.
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Technical note: Determination of organic nitrogen by
Kjeldahl digestion using hydrogen peroxide

L. N. SRIKAR* ana R. CHANDRU

Introduction

The standard method for the determination of nitrogen is by Kjeldahl digestion,
whereby the organic nitrogen is converted to ammonia by digestion with con-
centrated sulphuric acid in presence of copper sulphate, mercury or other
suitable catalysts. The ammonia formed may be quantitated by removal from
digestion mixture through steam distillation followed by titration, or nessleriza-
tion. In recent years automated systems have been employed for the estimation
of nitrogen in the digestion mixture (Davidson, Mathieson & Boyne, 1970;
Gehrke, Killingley & Wall, 1972; Florence & Milner, 1979; Wall & Gehrke,
1975).

The presence of a catalyst in the digestion process accelerates oxidation and
completes digestion. A number of catalysts have been tested by many investi-
gators, and mercury has been established as the most effective catalyst. For the
analysis of organic nitrogen in fertilizers, animal feeds, fish and other marine
products, either mercury or mercuric oxide is used as a catalystin the A.O.A.C.
(1975) standard method. However, mercury is extremely toxic and toxicity is
cumulative. In addition to being expensive, mercury may cause environmental
contamination and disposal problems. Consequently much research has been
carried out to find an efficient catalyst of low cost and lower toxicity.

Copper sulphate alone or with potassium sulphate was used as a catalyst by
Folin & Farmer (1912). Stirrup & Hartley (1975) and Williams (1973) used
cupric sulphate with titanium dioxide. Zirconium oxide alone and in combina-
tion with copper sulphate has been tested by Glowa (1974). Further, selenium
dioxide has also been employed as a catalyst in the Kjeldahl digestion
procedure.

The use of hydrogen peroxide to accelerate the decomposition and clarifica-
tion of a variety of nitrogenous products, was reported by Bradstreet (1965).
Florence & Milner (1979) have described the digestion of nitrogenous materials
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with hydrogen peroxide determining the ammonia formed, using automated
flow system.

In the present investigation the routine determination of organic nitrogen in
fish and some other foods on a semi-micro scale by Kjeldahl digestion in the
absence of a metallic catalyst have been examined and the hydrogen peroxide
method is compared with the conventional copper sulphate digestion method.

Materials and methods

Apparatus

Digestion flask: 30 ml capacity, corning with B24joint.

Digestor: Electrically heated multimantles for six flasks, with individual
temperature regulators (Toshniwal make) and vapour manifold made of corn-
ing glass to hold the flasks and to remove acid fumes.

Distillation assembly: Paranas wagner apparatus.

Reagents

Hydrogen peroxide solution 30% G.R. grade; sulphuric acid analar; potas-
sium sulphate; copper sulphate analar; sodium hydroxide solution 40% w/v,
analar; boric acid solution 2% w/v, analar; mixed indicator solution 0.1% w/v in
alcohol containing methylene blue and methyl red in 1 :3 ratio; L—tryptophan
analar (99-100.5% pure); DL—alanine analar (98.5-100.5% pure); L—cystine
analar (98.5% pure).

Procedure

Hydrogen peroxide method. Dried samples of fish and other foods used in the
experiment were ground and sieved through an 1.S.S. standard test sieve having
an aperture of 500 p. Thirty to one hundred milligrams of samples were weighed
on a pre-weighed glazed paper of size 70 x 50 mm. The samples along with the
paper were transferred into digestion flask. In another digestion flask, glazed
paper of the same size was introduced to serve as a blank. One hundred
milligrams of potassium sulphate was added to each of the digestion flasks,
followed by 2 ml sulphuric acid. To each flask 1 ml hydrogen peroxide was
added and the reaction was allowed to take place at ambient temperature. The
flasks were fixed to Kjeldahl digestion rack inclining the flasks at an angle of
approximately 45°. The flasks were heated controlling the heat in such a manner
that bumping was prevented and digestion was smooth and uniform throughout.
The digestion was complete in about 30 min, when the digest was clear and
colourless. For samples, where the digest was not colourless at the end of
30 min, hydrogen peroxide was added carefully dropwise down the wall of the
flask to minimize effervescence, allowing the reaction to complete before
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further addition of hydrogen peroxide, until the digest became permanently
colourless.

Copper sulphate method. To the sample in digestion flask 100 mg of digestion
mixture containing copper sulphate and potassium sulphate in the ratio 1:10
was added, followed by 2 ml sulphuric acid. The flask was then heated on the
rack until the digest became clear and colourless. Normally the time required for
digestion was 2-2.5 hr.

Macro procedure

In order to compare the semi-micro method described with that of macro
method, commercial grade casein was employed. Samples containing about 1 g
casein were digested both by the copper sulphate and hydrogen peroxide
methods. The digested sample was made up to 100 ml and from these, aliquots
of 10 ml were used for distillation.

Analysis

To the digested sample a small quantity of ammonia-free distilled water was
added, and the resulting sample was transferred directly into the distillation
chamber of Kjeldahl distillation apparatus, which was thoroughly cleaned
previously by passing steam. The flask in which the digestion was carried out,
was rinsed with small quantities of ammonia-free water and the washings
transferred into the distillation chamber.

In the case of macro procedure 10 ml of the made-up solution was pippetted
into the distillation chamber. Ten millilitres of 40% sodium hydroxide was
added and the distillation allowed to take place by passing steam. The liberated
ammonia was steam distilled into 25 ml 0f 2% boric acid containing two to three
drops of mixed indicator. As ammonia was absorbed into boric acid, the colour
of the solution changed from purple-violet to green. Distillation was continued
for further 5 min and the ammonium borate was titrated against standard 0.05n
sulphuric acid until the original purple-violet colour was restored. The amount
of nitrogen in the sample was calculated.

Results and discussion

The results of nitrogen determination by hydrogen peroxide method and copper
sulphate method are given in Table 1. The nitrogen content obtained for all the
samples tested was higher in the peroxide method when compared to the values
obtained by the copper sulphate digestion method. The results obtained by the
semi-micro and macro procedures using commercial casein indicate that the
nitrogen value obtained was comparatively high in the peroxide method than
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Table 1. Organic nitrogen determination in fish and other foods by peroxide and copper sulphate

digestion methods

Peroxide method Copper (1) sulphate method
Sample Nitrogen Nitrogen

(% Mean + s.e. mean) n (% Mean £ s.e. mean) n
Mackerel*

(Rastrelliger kanagurta) 3.25 £ 0.02 9 3.09 £0.03 8
Common carp*

(Cyprinus carpio) 2.23 £0.01 6 2.14 £0.05 3
Tilapia*

Tilapia mossambica) 2.42 + 0.02 4 2.37 + 0.04 4
Catfish*

(Tachysurus tenuispinis) 2.66 = 0.05 8 2.51 + 0.03 9
Cuttle fish*

(Sepia aculeata) 2.61 +0.03 12 2.49 £ 0.05 8
Egg albumin (commercial) 12.63 + 0.05 8 12.32 £0.14 6
Casein (commercial) make A 13.81 +0.04 8 13.34 £0.05 7
Bengal gram 3.86 £0.13 4 3.39 + 0.06 4
Green gam 4.55 = 0.06 5 4.20 £0.11 4
Casein (commercial) make B

Semi-micro 12.32 £ 0.09 23 ND

Macro 12.30 + 0.04 9 12.10 + 0.03 10

* Values expressed on wet weight basis

the copper sulphate method while the results obtained were similar both by
semi-micro and macro procedures, when peroxide was used for digestion.

For assessing the efficiency of digestion the amino acid tryptophan is con-
sidered a good reference standard (Florence & Milner, 1979). The recovery of
nitrogen by peroxide and copper sulphate methods was examined using the
amino acids tryptophan, alanine and cystine. The results in nitrogen recovery
for the amino acids are given in Table 2. The recovery of nitrogen was higher in
peroxide method than in the copper sulphate method. The results obtained

Table 2. Recovery of nitrogen from amino acids by peroxide and copper (1) sulphate methods

Sample Method n
Tryptophan Peroxide 16
Copper sulphate 10
Alanine Peroxide 3
Copper sulphate 3
Cystine Peroxide 4
Copper sulphate 3

Nitrogen (% Mean % 5.e. mean) Recovery (%)

13.64 £0.29 99.49
12.82 + 0.47 93.51
1552 + 0.24 98.79
15.45 +0.68 98.35
11.54 £0.56 98.89
10.72 +0.18 91.86
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indicate that the hydrogen peroxide digestion method is superior' to copper
sulphate method both in accuracy and precision for tryptophan, while the two
methods compare well in the case of amino acid alanine. The results obtained in
the present investigation indicate that hydrogen peroxide digestion followed by
steam distillation and titration compares well with the auto analysis results
reported by earlier workers (Florence & Milner, 1979; Tingvall, 1978).

The hydrogen peroxide digestion followed by steam distillation of ammonia,
described in the present paper is quite rapid, reliable and accurate. Therefore, it
can be employed for the routine determination of total organic nitrogen in fish
and other foods. By this method, not only the digestion time is minimized,
compared to the copper sulphate digestion method, but costly and toxic
catalysts like mercuric oxide, zirconium oxide, titanium oxide and selenium
oxide, can be safely dispensed with.
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Book reviews

Recent Advances in the Biochemistry of Fruit and Vegetables. (Phyto-
chemical Society of Europe Symposia Series No. 19) Ed. by J. Friend and
M. J. C. Rhodes.

London: Academic Press, 1981. Pp. xiii + 275. ISBN 0 12 268420 6. £24.00

This volume of thirteen reviews originated as the proceedings of a Symposium
held by the Phytochemical Society in Norwich in April 1980. Unlike the
majority of symposia proceedings which tend to have limited appeal and to
become rapidly out-dated, this collection of essays should command a wide
audience of readers among food and plant scientists. Moreover, it should serve
as a useful reference to the subject for a number of years.

This book has appeared some 12 years after the publication of that major
reference to fruit biochemistry edited by A. C. Hulme, namely The Bio-
chemistry o f Fruits and their Products, and in many ways it provides an excellent
addendum to that work, since it reviews the progress that has been made in fruit
biochemistry since 1970. Thus in the opening chapter J. B. Biale and the late
R. E. Young discuss the respiration and ripening of fruits, including among
other items up-to-date lists of those fruits showing the respiratory climacteric
during ripening and those that do not. An important recent advance in fruit
biochemistry has undoubtedly been the full elucidation of the pathways of
biosynthesis and turnover of the key ripening hormone ethylene. It is therefore
valuable to have here two complementary chapters by S. F. Yang and E. M.
Beyer dealing with ethylene biosynthesis, its regulation, action and metabolism.

During fruit ripening, many changes occur in fruit enzymes, in texture, cell
wall structure and in phenolic metabolism and these are variously considered
here by G. E. Hobson, by M. Knee and I. M. Bartley and by M. J. C. Rhodes
and his collaborators. Particular attention is given to the enzyme(s) responsible
for fruit browning and there are two chapters dealing with changes in poly-
phenol oxidase levels by A. M. Mayer and E. Harel and with the molecular
properties of tyrosinase by D. A. Robb. The molecular biology of ripening is
also authoritatively discussed by D. Grierson and his co-workers, with special
reference to the tomato fruit.

The title of the book under review includes vegetables as well as fruits and this
explains the inclusion of chapters by C. Vance on cyanide-insensitive respiration
and by T. Ap Rees and co-workers on low temperature sweetening, two
phenomena which are more closely associated with tuber than with fruit tissue.
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Anthocyanin colour can be extracted impartially from both fruits and vegetables
and C. F. Timberlake in the one chapter on pigments reviews recent develop-
ments in the study of the anthocyanins of both types of tissue.

In summary, this is a book which has a particular appeal to food scientists
concerned with post-harvest behaviour of fruits and vegetables. It also contains
sufficient general plant biochemistry to be of value and reference to many other
plant scientists. It has been thoroughly edited and is nicely produced, with many
figures and tables and excellent indexes. Although relatively expensive for the
individual purchaser, it deserves its place on the library shelf next to Hulme’s
The Biochemistry of Fruits and their Products.

J. B. Harborne

Food Composition and Nutrition Tables, 1981/82. 2nd ed. Ed. by S. W.
Souci, W. Fachmann and H. Kraut. (In English, German and French.)
Stuttgart: Wissenschaftliche Verlagsgesellschaft, 1981. Pp. xxiii + 1352, ISSN
0721 6912. DM 96.-.

This book provides a comprehensive reference on the composition of a wide
range of foodstuffs. To make the Tables useful to as many international users as
possible, the Introduction, Preface and Table of contents are written in English,
German and French, with the names of the foods at the head of the columns in
all three languages. All other headings are in English to save space, but there isa
useful glossary of these terms in German and French at the end of the book.
Dealing with 700 foodstuffs, this is the first edition to appear in the form of a
computer print-out. It is envisaged that by using a computer data bank in this
manner, the Tables can be readily up-dated in future. The aims of the editors are
to meet the needs for information on food composition of those involved in
dietetic and nutritional guidance and in the Food Industry. As the aims of the
book are very similar to those of McCance and Widdowson’s Composition of
Foods (Paul & Southgate, 1978), itis of obvious interest to make some compari-
son between the two. There are a number of points on which they differ, but on
the whole the two books are complementary. Each food commodity is given a
full two-page spread for easy reference and the book has a useful index in
English, German and French.

Data are included on foods such as tropical and Mediterranean fruit and
vegetables which are now more generally available throughout Europe. Also
included are a wide range of less commonly eaten oils and fats such as shark oil,
and other foods which would not normally feature greatly in the diets of people
in the U.K. Thus there are, for example, fifteen entries dealing with different
types of edible fungi. For the first time much detailed data on the composition of
certain major food components have been included, such as the fatty acid and
sterol composition of fats, the amino acid composition of proteins and the
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carboxylic acid composition of fruit and vegetables. In addition there is a
breakdown of carbohydrates into monosaccharides, oligosaccharides and
polysaccharides with particular emphasis on dietary fibre. Trace elements such
as nickel, molybdenum, chromium, selenium and boron are included for the
first time as well as phenolic constituents and amines such as serotonine.

Food constituents are expressed as averaged values for the edible portion and
for the food as purchased. This iswelcome information for research workers, as
the latter data are excluded from Paul & Southgate (1978) for reasons of space
saving. Another welcome feature is the addition of a range of values for food
constituents of the edible portion of food. However, these data may be of more
use to a research worker than to a dietitian, indeed, as far as dietitians are
concerned, information providing a range of values may prove difficult to
interpret in dealing on a day-to-day basis with patients. In contrast to Paul &
Southgate (1978), very few cooked or made up dishes are included and this may
limit the usefulness of these tables for dietitians.

Two points may render the book less useful for research workers. Firstly,
there is no information on methods of sample collection or any references given
where data were taken from the literature. The reason for this omission was lack
of space and readers are invited to write to the editors for further information.
Secondly, there is no reference to the methodology used. Although this would
have considerably increased the work needed to compile the tables, not a great
deal of extra space would have been required for this information, and the
addition of such references would have been valuable as different method-
ologies may yield very different data. Despite these points, this book will provide
a great deal of valuable information for nutritionists and food scientists involved
in research or education.

Reference

Paul. A.A. & Southgate, D.A.T. (1978) McCance and Widdowson's Composition of Foods.
MRC Special Report No. 297. H.M.S.O. London.

A. F. Walker

Malting and Brewing Science. Volume V. Malt and SweetWort, 2nd ed. By
D. E. Briggs, J. S. Hough, R. Stevens and T. W. Young.
London: Chapman & Hall, 1981. Pp. x + 387. ISBN 0 412 16580 5. £17.50.

The first publication of Malting and Brewing Science as a single volume in 1971
was a most welcome-event. Its appearance filled a void caused because other
well known English language texts on brewing were becoming out-dated.
During the last decade, as in many other areas of food technology, malting and
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brewing sciences and their related technologies have continued to develop
apace. Thus the time is now right for this book to have been completely revised
and for its second edition to be published. The decision to split the text into two
volumes will make for convenient handling and durability of the books, though 1
suspect that it will have added significantly to the purchase price.

The first volume comprises eleven chapters. It begins by outlining malting and
brewing in very general terms. Indeed this first chapter can be recommended as
reading for anyone not directly concerned with brewing and its allied trades and
who perhaps wishes to gain the flavour of this subject. There are then five
chapters on barley and malting: these cover barley; barley grain physiology; the
biochemistry of malting grain; malting conditions and malt types; and the
technology of malting and kilning. The text then turns to consider brewing itself
with a chapter on brewing water: this encompasses natural brewing water,
desalination, deionization, water purity and effluent treatments. There then
follows a new chapter on adjuncts, sugars, wort syrup and a disappointingly
short section on industrial enzymes. Finally there are three chapters on sweet
wort production: these discuss the chemistry and biochemistry of mashing,
preparation of the dry grist (i.e. milling technology as applied to brewing) and
mashing. The volume concludes with a useful appendix on units of measure-
ment. The subject index is comprehensive and effective in practice: there is no
author index as references, which are appended at the end of each chapter, are
referred to by number rather than by authors' names.

The text is nicely printed with a clean readable typeface. The book is well
illustrated with tables, graphs, line drawings and other figures of agenerally high
standard. It is remarkably free from minor typographical errors.

The book avoids the pitfall of launching itself into a detailed analysis and
discussion on the current status of plant biochemistry and other aspects of
general chemistry: these are left to be covered by other more specialized
textbooks. This allows the subject matter to be concentrated upon those
chemical and biochemical matters which are special to barley and malt and
which have specific influences upon the production of wort and beer.

In this second edition the discussion on many topics has been brought up to
date to include material published elsewhere in 1979 and early 1980. The
following items are particularly worth mentioning: Clova malting plant, barley
abrasion (physiological and technological aspects), the occurrence of nitros-
amines in malt and methods for their reduction, dimethyl sulphide, effluent
treatments, energy conservation, a short section on industrial enzymes, some
newer methods of analysis applicable to barley and malt and newer mashing
technologies with some reference to the economies of process.

In their preface the authors suggest that this text is primarily intended as a
teaching aid particularly for the MSc course in Brewing Sciences at Birmingham
University. It will, however, have a rather wider readership, for the undoubted
quality of its text will widen its appeal to all those who are concerned with
research, development and production within the malting, brewing and
distilling industries.
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The republication of this text in an up-dated and slightly expanded form will
ensure that this volume remains as one of the standard text books for brewing
and its associated industries.

R. W. Scott

Pearson's Chemical Analysis of Foods, 8th ed. By H. Egan, R. S. Kirk and
R. Sawyer.

Edinburgh: Churchill Livingstone, 1981. Pp. vi + 591. ISBN 0 443 02149 X.
£17.00.

The eighth edition of The Chemical Analysis of Foods was separated from the
seventh edition by the untimely death of David Pearson, who iscommemorated
by the inclusion of his name in the title. We are extremely fortunate that the
difficult task of revision has been undertaken by the Government Chemist and
two of his staff. They have managed to achieve this revision with only a slight
increase in the number of pages. As the preface notes, there has been an attempt
to keep a balance between the needs of the different types of potential reader,
both from the point of view of interests in the various fields of food analysis and
also in terms of recognition that the book is used by workers in industrial and
enforcement laboratories, and by students. Egan and colleagues have been
particularly concerned to extend the range of instrumental techniques.

Inevitably this has meant that whereas some methods are included in working
detail, other methods are only mentioned briefly with appropriate references to
the works which detail those methods. It should be noted in this context that the
reader should retain his or her copy of the seventh edition as certain methods
have been omitted from the eighth edition. For example, tests for a number of
specific oils (arachis, cotton seed, sesame and tea seed) have been omitted with
the reader being referred to the seventh edition for details.

The overall layout has been retained with, as before, twelve chapters devoted
to the analysis of specific commodity groups. The discussion on the determina-
tion of food additives and contaminants has been separated into two chapters
although the total length remains the same. A new twenty-three page chapter
has been added to provide an elementary outline to some of the main instru-
mental techniques.

There are frequent references provided for TLC, GC and HPLC methods for
determinations and analyses, and working details of some of these analytical
methods are given. Also a number of analytical techniques are added which
reflect changes of emphasis in the topics considered to be of concern to the food
analyst. For example there has been the addition of methods of determining
histidine and histamine in scombroid fishes, and of determining erucic acid in
fats and oils. In some cases however, the topic is covered only by a brief
discussion and provision of literature references — for example in the cases of
determination of antithyroid and anabolic compounds in flesh foods, or of soya
protein in the presence of meat using the ELISA method.
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Typographically this edition is perhaps rather less successful than the seventh
edition. The choice of type faces for the hierarchy of headings and sub-headings,
together with the line spacings adopted around those headings, is sometimes
rather confusing and makes it difficult to discern the beginning of a new topic
(see for example pp. 454-6). Also the proof-reading does not appear to have been
as rigorous as in the previous edition. There are a number of minor spelling
mistakes, but of more concern are a number of mistakes in the data presented.
For example, the compositional table of fruits records the sugar content of raw
bananas as 1.2%. Although the source of the data is not indicated, this table in
fact seems to derive from McCance & Widdowson (1967) or Paul & Southgate
(1978) inwhich case the sugar content should read 16.2%. Throughout the book
there is difficulty in identifying the source of data presented in tables — when
the reference is given it is often buried in the text some pages away from the
table. It would be far better to attach the reference to each table, so that the
reader can check the accuracy of the data if these are in doubt.

Nevertheless these minor shortcomings in presentation should not be allowed
to detract too much from the welcome to be given to the latest edition of a well
established and indispensable text.

W. F. Flanigan

Techniques in Visible and Ultraviolet Spectrometry. Volume 2:
Standards in Fluorescence Spectrometry. Ed. by J. N. Miller for the UV
Spectrometry Group.

London: Chapman & Hall, 1981. Pp. ix + 115. ISBN 0 412 22500 X. £8.50.

Standards in Fluorescence Spectrometry is the second publication that has
arisen from the working parties set up by the UV Spectrometry Group in 1977.
Originally this material was to be circulated to members only but it was subse-
guently realized that it would be of wider interest. The first volume published
earlier in 1981 covered standards in absorption spectrophotometry.

This second volume adheres closely to the style adopted in the first volume.
The first chapter provides a very brief introduction to fluorescence but in no way
can this be considered even abasic introduction to the theory involved. Whether
a somewhat fuller treatment is desirable is open to debate. The next three
chapters, all of which were written by the editor, cover wavelength calibration,
stray light and sensitivity. The first of these on wavelength calibration is well
composed and contains much useful information on methods available for this
most important check procedure. The chapter on stray light isshort (four pages)
and functional whereas that on sensitivity seems rather confused. In Table 4.1
the ‘Raman method’ of determining sensitivity is described as ‘not very
meaningful in practice’, while in the summary the same method is described as
the ‘most suitable method'.

Inner filter effects form the basis of Chapter 5 and this topic is extensively
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covered. Indeed as compared with the earlier chapters this topic receives a
considerably more thorough treatment. Chapter 6 deals with the problems of
temperature effects and photodecomposition, which are often not fully
appreciated. The final two chapters are devoted to correction of spectra and
determination of quantum yields, topics which should be understood by
anybody using fluorescence quantitatively. The remainder of the book contains
an Appendix of corrected spectra, which will prove useful as standards for
guantum yield determinations and for spectral correction of other solutes. The
style of placing the figure legends on a separate page, and in a different
direction, is untidy and adds sixteen unnecessary pages to the book.

In conclusion the book forms a useful partner to Volume 1 although the
balance between the topics covered is perhaps not ideal. The standard of
production is good but the quality of paper used is very poor, being cream and
insufficiently opaque.

R. Macrae

Developments in Meat Science, Volume 2. Ed. by R. Lawrie.
London: Applied Science, 1981. Pp. xii + 299. ISBN 0 85334 986 X. £32.00.

The multi-disciplinary nature of food science is nowhere more evident than in
the science of meat and meat products. The literature is diverse in nature and
scattered, and comprehensive reading habits are the privilege of the few.
Authoritative review articles have a special place in the communication process,
but even these can be difficult to locate. The present volume, therefore, is
doubly welcome: for its own content and for the prospect that the meat scientist
can look to this series as a source of timely and well chosen surveys. Its coverage
is typical of the whole field, ranging from detailed anatomical and physiological
characteristics of ‘normal’ and ‘abnormal’ animals to the problems of enforcing
regulations and the nutritional status of individual humans. Eight topics of
current interest are reviewed by leading workers from six countries: Muscular
hypertrophy in cattle (Double muscling) by R. Boccard; Connective tissue by
T. J. Sims and A. J. Bailey; Stress in meat animals by D. Lister, N. G. Gregory
and P. D. Wariss; Post mortem changes in relation to comminuted meat
products by R. Hamm; Recent studies on meat freezing by A. Calvelo; Inter-
mediate moisture meats by D. A. Ledward; Methods of determining connective
tissue free muscle protein in meat products by W. J. Olsman and P. Slump; and
Meat and health by A. M. Pearson.

Some deal with the progress in established research fields while others draw
together widely scattered findings in more general fields, but all are readable,
concise and fully documented. This is a volume with something for most
workers in the field and the whole series should be regarded as a basic source of
reference in any library concerned with meat or the wider aspects of food.

S. R. Hannan
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Erratum

J. Fd Technol. (1982) 17, 649-652

Technical note: The significance of the presence of/Thydroxybutyric acid in hen
eggs.

N. L. Thomas and S. W. Stock

The caption to Table 2 on p. 651 should read: Table 2. Fertilized eggs.
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Typescripts (two complete copies) should be
sent to the Editor, Mr W, B. Adam, George and
Dragon Cottage, Chipping Campden, Glos,
Papers should be typewritten on one side of the
paper only, with a 1} inch margin, and the lines
should be double-spaced. In addition to the title
of the paper there should be a ‘running title’ (for
page headings) of not more than 45 letters
(including spaces). The paper should bear the
name of the author(s) and of the laboratory or
research inatitute where the work has been carried
out, The full postal address of the principal
author should be given as a footnote. (The
proofa will be sent to this author and address
unless otherwise indicated.) The Editor reserves
the right to make literary corrections.

Arrangement. Papers should normally be
divided into: (a) Summary, brief, self-contained
and embodying the main conclusions; (b) Intro-
duction; (c) Materials and methods; (d) Results,
as concise as possible {(both tables and figures
illustrating the same data will rarely be permitted) ;
(e) Discussion and conclusions; {f) Acknowledg-
ments; (g) References,

References. Only papers closely related to the
author’s work should be included; exhaustive
lists should be avoided. References should be
made by giving the author’s surname, with the
year of publication in parentheses. When reference
is made to a work by three authors all names
should be given when cited for the first ime, and
thereafier only the first name, adding et al., e.g.
Smith & al. (1958). The ‘e ol.’ form should always
be used for works by four or more authors, If
several papers by the same author and from the
same year are cited, a, b, ¢, etc., should be put
after the year of publication, e.g. Smith & al.
{1958a). All references should be brought together
at the end of the paper in alphabetical order.
References to articles and papers should mention
(a) name(s) of the author(s); (b) year of publica-
tion in parentheses; (c) title of journal, under-
lined, abbreviated according to the World List of
Scientific Publications, 4th edn and supplements;
(d) volume number; number of first page of
article. References to books and monographs
should include {a) name{s) and initials of author(s)
or editor(s}; year of publication in parentheses;
(h) title, underlined; (c) edition; {(d) page referred
ta; {¢) publisher; (f) place.

Standard usage. The Concise Oxford English
Dictionary is used a8 a reference for all spelling

and hyphenation. Verhs which contain the suffix
ize (ize) and their derivatives should be spelt with
the z, Statistics and measurements should always
be given in figures, i.e. 10 min, 20 hr, 5 ml,
except where the number begina the sentence.
When the number does not refer to a umit of
measurement, it i3 spelt out except where the
number is greater than one hundred.

Abbreviations. Abbreviations for some of the
commoner units are given below, The abbrevia-
tion for the plural of a unit is the same ag that for
the singular unless confusion is likely to arise.

gram(s) g second(s) sec
kilogram(s) kg cubic millimetre(z) mm?
milligram({s} millimetre(s) mm
(10-%g) mg  centimetre(a) cm
microgram(s) litre(s) i
(10-tg) ug miililitre{s) ml
nanogramy{s) pound(s) ib
(10-°g) ng gallon(s) gal
hour{s) hr milliequivalent mEq
minute(s) min  Rp values Ry

Figures, In the text these should be given Arabic
numbers, ¢.g. Fig. 3. They should be marked on
the backs with the name(s) of the author(s) and
the title of the paper. Where there is any possible
doubt as to the orientation of a figure the top
should be marked with an arrow. Each figure
must bear a reference number corresponding to
a similar number in the text, Photographs and
photomicrographs should be unmounted glossy
prints and should not be retouched., Line dia-
grama should be on separate sheets; they should
be drawn with black Indian ink on white paper
and should be about four times the area of the
final reproduction, Lines and lettering should
be of sufficient thicknesa and size to stand reduc-
tion to one-half or one-third. Letters and numbers
must be written lightly in pencil,. Whenever
possible, the originals of line diagrams, prepared
as described above, should be submitted and not
photographs. The legends of all the figures should
be typed together on a single sheet of paper
headed ‘Legends to Figures'.

Tables. There should be as few tables as possible
and these should include only esential data; the
data should not be crowded together. The main
beading should be in capitals with an Arabic
number, e.g. TABLE 2. Each table must have a
caption in amail letters. Vertical lines should not
be used.

Page proofs will be submitted to the contributors
for minor corrections and should be returned to
the Editor withir 3 days. Major alterations to the
text cannot be accepted.

Offiprints. Fifty offprints will be issued free with
each paper but additional copies may be purchased
if ordered on the printed card which will be sent
to the senior author with the proofs.
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