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Comparative study of three legume starches

A . H . E L  T IN A Y , S. B . E L  H A R D A L O U  a n d  A . M. N O U R

Summary

Starch content o f chickpea (Cicer arietinum), pigeon pea (Cajanus cajan) and 
bonavist bean (Dolichos lablab) was 58, 52 and 50% respectively with recovery 
o f 57 .9 , 48.1 and 49.0% . The am ylose content was 33.5, 27.0 and 31.0% ; 
am ylose 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 
legum es show ed a single-stage and somewhat restricted swelling. Solubility 
curves for legum e starches showed a similar pattern and indicated that they have 
higher solubility at elevated temperatures than wheat starch. The liquefaction  
characteristics show ed that chickpea has the highest resistance to cooking and 
was the m ost sensitive to a-am ylase. The three legume starches gave stabilized 
B rabender hot-paste viscosity; chickpea had a lower overall viscosity due to its 
exceptionally  long am ylose chains.

Introduction

K awam ura, Tuboi & H uzii (1955) developed a m ethod to isolate starch from  
various legum es by treatment with a 0.2%  N aO H  solution, washing with water 
and dehydration with ethanol and ether. Schoch & Maywald (1968) found that 
the separation o f pure starch was difficult with certain legumes because o f the 
presence o f a highly hydrated fine fibre fraction (presumably from the cell walls 
enclosing the starch granules) and also the high content o f insoluble protein.

A u th o rs ’ address: D epartm en t o f B iochem istry, Faculty of A griculture, Sham bat, Sudan.
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Som e physio-chem ical properties o f legume seed starches have been reported 
(Srivastava et a i,  1970; Rosenthal et a l,  1971; Tolmasquim, Correa & 
T olm asquim , 1971; Lineback & K e, 1975; M odi & Kulkarni, 1976). The objec
tive o f  this study was to isolate starch from chickpea, pigeon pea and bonavist 
bean and to exam ine the physio-chemical properties of their starches. C om 
parison o f  inform ation on legume starch and wheat starch could provide useful 
know ledge about the use o f legum e-cereal flour combinations in baked  
products.

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

Materials and methods

M ature and healthy seeds o f chickpea, pigeon pea and bonavist bean were 
obtained from the local market. These were thoroughly cleaned and freed from  
foreign material. W heat starch flour was supplied by B D H , U .K .

Starch isolation

T he m ethod o f Schoch & Maywald (1968) as modified by Lineback & Ke
(1975) was used.

Starch analysis

T he isolated starches were analysed for protein, fat and ash content according 
to  the A O  A C  (1970) methods.

Microscopic examination

T he isolated starch granules were studied microscopically as described by 
M cM asters (1964).

Starch determination

Starch was determ ined by the m ethod o f dispersal in CaCl2 followed by iodine 
spectrophotom etry (Kerr, 1950).

Starch fractionation

Fractionation o f starch into amylose and amylopectin was carried out 
according to Lansky, K ooi & Schoch (1949) as modified by M ontgomery & 
Senti (1958).

Determination o f amylose content o f starch

A m ylose content were determined colorimetrically as described by W illiams, 
K uzina & H lynka (1970). The amylose obtained by starch fractionation was



used to construct a calibration curve. The amylopectin values were obtained by 
subtractions o f am ylose content from 100% starch.

Legume starches 3

End group determination o f amylose and amylopectin

T he m ethod o f Brown et al. (1945) as modified by Shasha & Whistler (1964) 
was used. A m ylose and amylopectin chain lengths were calculated according to 
the form ulae o f Potter & Hassid (1948).

Gelatinization temperature range

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

Swelling and solubility characteristics

Sw elling and solubility patterns were determined using 4 g  starch by the 
m ethod o f Schoch (1964).

Liquefaction characteristics

T he falling number m ethod o f Hagberg-Perten (1968) was used. This method  
m easures starch resistance to a-am ylase and heat, i.e . rate o f liquefication of 
gelatin ized  starch. It is based upon rapid gelatinization o f a flour suspension and 
subsequent m easurem ent o f the degradation o f the starch paste by a-am ylase. 
Barley m alt with an a-am ylase activity o f 333 SKB units supplied by ‘Intra- 
M alt’, France, was used.

Brabender viscosity curves

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

Results and discussion

Starch content o f chickpea, pigeon pea and bonavist bean was found to be 58 ,52  
and 50%  respectively (Table 1). This range o f 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 o f highly 
hydrated fine fibre fraction and also the high content o f insoluble protein.
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In T able 1 is shown the chemical analysis o f  the isolated legume starches 
together with wheat starch. T he nitrogen content of the starches was low  
(0 .05 -0 .06% ) with values similar to those reported for wheat starch (Pomeranz,
1971). T he fat content o f bonavist bean was the lowest (0.1% ) and that o f wheat 
was the highest (0 .5% ). W heat and bonavist bean starches had the lowest and 
highest ash contents respectively (0.02 and 0.07% ). Schoch & Maywald (1968) 
reported an ash content o f 0 .04-0.05%  for chickpea starch. In wheat starch only 
a trace am ount o f  ash has been reported (Pom eranz, 1971).

T he range o f am ylose content for the three legume starches was 27-33.5%  
(T able 1) which is within the range given by W histler & Smart (1953). W heat 
starch and am ylose content o f 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. R ao (1976) reported an amylose 
chain length o f  1667 and 540 glucose units for chickpea and pigeon pea starches 
respectively. Potter & Hassid (1948) found wheat amylose chain length as 540, 
and that o f  potato 980 glucose units. The average amylopectin chain lengths of 
chickpea, p igeon pea, bonavist bean and wheat were 29, 27, 28 and 23 glucose 
units respectively (Table 1). Cori & Larner (1951) reported the same value for 
w heat as is found in this work.

C hickpea 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 p m ). M odi & Kulkarni (1976) working on pigeon pea starch found the

Table 2. Starch  granule  size and gelatinization tem perature

G ranule  size (pm )
----------------------------------------------------------------------------  G elatinization
O val shaped tem perature
------------------------------------------------- range (°C)

T ype o f starch  A verage width A verage length Spherical radius (K ofler h o t stage)

C hickpea 21 30 13 67-76
Pigeon pea 31 41 13 71-78
B onavist bean 35 42 15.2 73-80
W heat - - 18 59-66

Table 3. G ross com position of the th ree legumes

Sam ple
M oisture
(% )

Protein
(% )

Fat
(% )

C rude
fibre
(% )

Ash
(% )

C arbohydrate
(% )

m g/1 0 0 g

Ca Fe P

C hickpea 6 .1 0 19.40 5.40 3.90 3.10 62.10 125 14.00 451
Pigeon pea 6 .1 0 19.30 2 .0 0 6.40 3.60 62.70 132 9.80 376
B onavist bean 6 .2 0 2 2 .1 0 1 .2 0 7.70 3.60 59.30 116 13.70 472
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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 o f Rosenthal et al.
(1971). T he average wheat starch granule size was 18 pun. Legume starch 
granules differ from wheat starch which has a mixture of large, intermediate and 
sm all spherical granules (Kulp, 1973).

T he 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. M odi & Kulkarni (1976) found a gelatinization temperature range of 
66-72°C  for pigeon pea. T he gelatinization temperature for bonavist bean is 
relatively high. R osenthal et al. (1971) obtained 65-70-76°C  gelatinization  
tem perature range for bonavist bean starch.

T he swelling patterns for chickpea, pigeon pea, bonavist bean and wheat 
starches are shown in Fig. 1. A ll three legume starches showed single-stage 
sw elling w hile wheat starch showed a two-stage swelling pattern. The single- 
stage swelling pattern obtained for chickpea starch is similar to that obtained by 
Schoch & M aywald (1968) and Lineback & Ke (1975). The swelling pattern of 
pigeon pea and bonavist bean starches is similar to that of chickpea starch. The 
sw elling pow er o f chickpea, pigeon pea, bonavist bean and wheat starches at

Figure 1. Swelling pow er (%  d .b . corrected  for solubles) o f chickpea (— A — ), 
p igeon pea  (— • — ), bonavist bean ( - -  O  - - )  and w heat (-----□ ----- ) starches.
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Figure 2. Solubility (% d .b .)  o f chickpea (— A — ), pigeon pea (— • — ), bonavist 
b ean  (—  O  — ) and  w heat (-----□ ----- ) starches.

95°C w ere 17.0, 18 .5 ,22 .5  and 12.0 respectively (Fig. 1). The swelling power for 
the exam ined legum e starches is somewhat restricted. This restricted swelling 
plus the single-stage swelling pattern indicate starch granules o f 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 
pow er curves (Fig. 1) indicating the direct inter-relationship o f these two 
functions. T he solubilities o f 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 o f chickpea starch agree with the results o f Lineback & Ke 
(1975). There seem s 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  
com pared to pigeon pea, bonavist bean and wheat starches. The falling number 
show s a negative linear relationship with malt quantity. Chickpea starch is more 
sensitive to malt a-am ylase than pigeon pea and bonavist bean. The reference 
w heat starch sample has the lowest resistance to cooking in the absence o f malt 
enzym e but is relatively more resistant against malt enzyme. The slope o f the
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Figure 3. L iquefaction  characteristic (falling num ber) of 4g  (d .b .) chick pea
(— A — ), pigeon pea (— • — ), bonavist bean (-----O ----- ) and w heat (----- □ ----- )
starches.

95°C 9 5 CC 50°C 50°C
I-------------1 I------------- 1

Figure 4. G raphical representation  of B rabender curves (paste viscosity) for chickpea
(— A — ). p igeon pea (— • — ), bonavist bean (-----O ----- ) and w heat (-----□ ----- )
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. 
T he 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).

T he initial pasting temperatures were approximately the same for the three 
legum e starches; chickpea 76.5, pigeon pea 78 and bonavist bean 79.5°C. 
Lineback & K e (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 
M odi & Kulkarni (1976).

E xam ination o f the Brabender curves reveals that pigeon pea starch consis
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tently show ed the highest viscosity throughout the cooking cycle. Bonavist bean 
show ed higher viscosity than wheat starch while chickpea showed the lowest 
viscosity. H olding 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 am y lo se: amylopectin ratios were similar. Goering, Eslick & Hass 
(1970) m ade a similar observation for barley starches for different varieties. This 
could be attributed to differences in granule structure or to differences in 
m olecular structure o f 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 o f 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. E R IC S S O N *t, P .-O . H EG G * a n d  K. M À R T E N SSO N t

Summary

T he interaction o f the cationic amphiphile cetylpyridinium chloride (CPC) with 
the egg white protein ovalbumin, was studied at various temperatures and pH 
values. T he influence o f different concentrations o f CPC on the thermal 
behaviour o f the protein was followed by specific optical rotation measurements 
in the pH  interval 3 -9 . N o increase in optical rotation was found at any pH when  
CPC was added to ovalbumin at room temperature. W hen heated, a gradual 
increase in optical rotation was registered, which became smaller the higher the 
pH  used. A t molar ratios o f CPC : ovalbumin of above 70 this increase was 
reversed on cooling. T he reversibility o f 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 
confirm ed the results obtained on optical rotation. W hen CPC was exchanged  
against the anionic amphiphile, sodium dodecylsulphate (SD S), a denaturing 
effect was achieved at neutral and alkaline pH values already at room tempera
ture. A t the acidic side o f the isoelectric point, however, there was no major 
effect o f SD S. N o thermal aggregation o f ovalbumin occurred near the iso
electric point when CPC was present and com plete resolubility was found after 
therm al treatm ent and drying.

Introduction

T he understanding o f how to influence functional properties of proteins in food  
is still poor. H ow ever, precipitation and gelling properties o f proteins under a 
therm al treatm ent have been investigated in some detail (H egg, 1978). It was 
found that thermal aggregation could be influenced by rather simple methods.

A u th o rs ’ addresses: * D epartm en t of Food Technology, U niversity of L und, Box 740, S-22007, 
L und , Sw eden, and ¿Sw edish Sugar Co. L td , R esearch L aboratories, Box 6 , S-23200, Arlôv, 
Sw eden.

tT o  w hom  correspondence should be addressed.
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A n  increased salt concentration strengthened aggregation, while a high or low  
pH  usually had the opposite effect. Even an inhibition o f thermal aggregation of 
proteins could be achieved by adding small amounts o f the anionic amphiphile 
sodium  dodecylsulphate to the protein solution. Unfortunately, however, this 
leads to a sim ultaneous denaturation o f the protein structure, which possibly 
changes the functional properties o f the protein in a following food production  
process. M odification o f protein properties without obtaining significant losses 
in protein structure is thus especially important in food technology. A s thermal 
treatm ents are so frequent in food processing, also a protection against protein  
denaturation in general would be o f 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 (L ineweaver et al., 1967). Protection is also particularly important if 
enzym atic activity is desired during or after such a process.

In m odel studies o f the interaction between proteins and amphiphiles mostly 
bovine serum albumin (B SA ) and sodium dodecylsulphate (SDS) have been  
used. B ovine serum albumin (B SA ) has been reported to bind anionic amphi
philes with high affinity (Steinhardt & Reynolds, 1969) and at the same time 
becom e stabilized against structural stress as, for instance, heat (G um pen, H egg  
& M artens, 1979). The only protein reported with amphiphile binding proper
ties similar to that o f B SA  is /3-lactoglobulin (Steinhardt & R eynolds, 1969; 
H egg, 1980). W ith the exception of a few proteins, e.g . glucose oxidase, papain 
and pepsin , which show a high resistance against unfolding by SDS (N elson,
1971), all other proteins exam ined so far seem to be structurally transformed by 
this am phiphile (Lapanje, 1978).

If a minimal effect on protein structure is desired as a result of binding o f an 
am phiphile, SD S seem s to be an inappropriate choice. The twelve carbon 
sk eleton , which appears to induce a maximal unfolding o f proteins (Tanford,

B. Ericsson, P.-O. Hegg and K. Martensson

Figure 1. Specific optical ro tation  of ovalbum in and ovalbum in dissolved in cetyl- 
pyrid in ium  chloride (C PC ) at pH  3 as a function of tem perature  during heating and
cooling. P ro te in  concentration: 25 mg/ml. (a) Ovalbum in w ithout CPC added .------ ,
H eating  (l°C /m in); -— , cooling (T C /m in). (b) H eating of ovalbum in (l°/m in) in 
C PC  of d ifferen t concentrations. A , 8 mM CPC; B, 20 mM CPC; C , 40 mM CPC; D , 
200 mM C PC. (c) Cooling of ovalbum in (l°C /m in) in CPC. C oncentrations as in (b).
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1973; P .-O . H egg, unpubl. data) com bined with the sulphate head group, which 
intensifies the affinity to the protein more than most other head groups (Stein- 
hardt & R eynolds, 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 am phiphile would probably result in a protein m olecule 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 o f amphi- 
philes other than SDS on protein structure is, however, poorly examined. This is 
particularly the case with the cationic ones.

T he intention o f the present work was to examine the effect of a cationic 
am phiphile on protein structure at different temperatures. A s a m odel system  
cetylpyridinium  chloride (CPC) and the egg white protein ovalbumin was used. 
T he results obtained with CPC were compared with those obtained with SDS.

Protection o f ovalbumin by an amphiphile

Materials and methods

Materials

O valbum in was prepared from hen’s egg white according to H egg (1979). N o  
other egg white proteins could be detected in the protein preparation by SDS gel 
electrophoresis. Sodium  dodecylsulphate (Lot N o. L-5750) and cetylpyridinium  
chloride (L ot N o . C-9002) were purchased from Sigma Chemical C o ., U .S .A .

Methods

Optical rotation. The optical rotation measurements were carried out in a 
Perkin-Elm er 141 polarimeter at the wavelength o f sodium -D-line (589 nm). 
T he polarim eter cell (1 .0  dm, 5 ml) was thermostated to temperatures within 
the interval 25 to  95°C at a heating and cooling rate of l°C/m in. This was 
obtained  by coupling the polarimeter cell to a circulating water bath equipped  
with an electronic heat gradient control (H eto, Denm ark, type 02 PH 623). 
Transition temperature is defined as the temperature at the midpoint o f transi
tion. D ata  are expressed as specific optical rotation with an accuracy o f ±  0.5°.

Circular dichroism. Circular dichroism measurements were performed using 
a JA SC O  J-40 dichrograph in the wavelength range o f 270-210 nm. Results are 
expressed  as mean residue ellipticities (degree c m 2/d m o l ) ,  using the value 112 
for the m ean residue weight o f ovalbumin. A  protein concentration of 0.5 mg/ml 
and a cell width o f 0.1 cm was used in these experiments. A ll measurements 
w ere m ade at 25°C. A s 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 conform ation o f the protein, was examined.

Preparation o f solutions. Protein solutions o f twice the final concentration  
w ere prepared using distilled water. Equal volum es o f amphiphile solutions,
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also o f  twice the desired concentrations, were then added slowly and under 
stirring. In m ost experim ents a final protein concentration o f 25 mg/ml was 
used. A fter addition o f amphiphile the solutions were adjusted to appropriate 
pH  using 1.0 m  HC1 or N aO H . A  precipitate formed above the isoelectric point 
o f ovalbum in during pH adjustment o f the ovalbum in-CPC solution. This 
precipitate dissolved upon stirring. The time required for resolution was 
dependent on the pH o f the solution, but was typically 1 hr.

A ll solutions used for analysis were optically clear and freshly prepared.

Results and discussion

Effect o f  cetyl pyridinium chloride on the thermal dénaturation o f ovalbumin at 
p H  3

A t pH  3 ovalbumin carries a positive net charge of about 25 (H egg, 1978; 
Nakam ura, Hirai & Takimori, 1980), and due to net charge repulsion it does not 
aggregate when heated to temperatures above the dénaturation temperature so 
far from the isoelectric point (4 .6 -4 .9 ) (R hodes, Azari & Feeney, 1958; 
Cannan, Kibrick & Palmer, 1941). Precipitation below  the isoelectric point with 
anionic am phiphiles and above the isoelectric point with cationic has earlier 
b een  reported (H egg, 1979) at low concentrations o f added amphiphile. This 
p henom enon  is thus not to be expected when the cationic amphiphile CPC is 
added at pH  3. T hese two facts made pH 3 suitable for examining the effect of 
various am ounts o f CPC on the thermal dénaturation of ovalbumin.

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

From  Fig. lb  it is seen that addition o f various concentrations o f CPC does not 
significantly alter the specific optical rotation at 25°C. This indicates that no 
unfolding o f the protein structure occurs at this temperature. W hen heated at 
low  am phiphile : protein ratios the thermal stability of the protein becom es 
low ered. Thus, the transition point decreases from 59 to 55°C at 8 mM CPC  
(m olar ratio CPC : ovalbumin o f 14) and to 50°C at 20 mM (molar ratio o f 36). A t 
higher am phiphile concentrations the sharp transition is replaced by a gradual 
increase in specific rotation and no defined dénaturation temperature can be 
detected . T he final optical rotation value obtained at 95°C is also lowered by 8°C 
com pared to when CPC is absent. A n increase in amphiphile concentration  
above 40 mM (molar ratio o f 72) did not alter the optical rotation curve further.

T he behaviour o f ovalbumin on cooling at the different concentrations of 
CPC is given in Fig. lc . A t low CPC concentrations there is a slight decrease in 
the O R  value as the temperature is decreased, but the major transition is not
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reversed. H ow ever, for the two highest concentrations o f amphiphile, the 
cooling process is the reverse of the heating process. A bove 80% of the A [a]d is 
regained upon cooling suggesting that the heat-induced unfolding has becom e  
reversible.

Effect o f  p H

T o exam ine the contribution o f electrostatic forces for the formation o f the 
protein-am phiphile com plex, optical rotation measurements were carried out 
at increasing pH  values.

T he precipitate form ed at and above the isoelectric point at low concentra
tions o f added cationic amphiphile will redissolve at a sufficiently high concen
tration o f amphiphile (H egg, 1979). To be able to measure optical rotation of 
ovalbum in in CPC above the isoelectric point a concentration o f 40 imt (corres
ponding to a molar ratio o f amphiphile : protein o f 72) was required. Notably, 
this concentration was also the requisite to obtain protection against irreversible 
heat dénaturation at low pH (Fig. lc ).

O nly a marginal increase in specific rotation was found at 25°C with increasing 
pH  (Fig. 2 ), and the reversibility o f the thermal dénaturation process was 
com pletely  m aintained at all pH values examined. H owever, a gradual decrease 
in the slope o f the curves was found with increasing pH when optical rotation  
was plotted  as a function o f temperature. This suggests that there is an electro
static contribution to the protein-am phiphile interaction, and that com plexes, 
which are progressively less heat susceptible, are formed when the negative 
charge on  the protein increases. B ut since the interaction between ovalbumin 
and CPC is manifest already at pH 3, when both kinds o f m olecules are 
positively charged, hydrophobic interactions must also be o f importance for the 
form ation o f the com plex (Fig. lb ).

L_i_________i_________i---------------1
25 50 75 100

Temperature (°C)

Figure 2. Specific optical ro tation  o f ovalbum in (25 mg/ml) in 40 m M  cetylpyridinium 
ch lo ride  (C PC ) as a function of tem perature  at different pH  values. A ,  pH  3 ; B , pH  5 ; 
C , pH  7; D , pH  9; A , V alues after cooling.
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Circular dichroism

It can be seen from the optical rotation curves (Figs 1 and 2) that ovalbumin in 
presence o f 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 o f the two solutions 
w ere perform ed at pH 3 and the results are given in Fig. 3. A t the wavelengths 
exam ined 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 com plex is formed. The signal o f the heat 
treated ovalbum in-C PC  solution was identical to that obtained before heating 
(Curve D ). T hese results show that the protein conformation is retained after 
the heating-cooling cycle, i.e . that CPC hampers the irreversible thermal 
unfolding o f ovalbumin.

Effect of protein concentration

O valbum in normally becom es irreversibly denatured when heated. The 
am phiphile CPC has the ability not mainly to protect against heat dénaturation 
but m ore to make the dénaturation reversible. It is reasonable to assume that 
the reversibility o f a dénaturation process should be facilitated when the protein

210 220  230 240 250 260
X (nm)

Figure 3. C ircular dichroism of ovalbum in and ovalbum in dissolved in cetyl- 
pyrid in ium  chloride (CPC) at pH  3. A , ovalbum in prior to heating; B, ovalbumin 
a fte r  heating  to  95°C; C , ovalbum in in CPC (72 mol C PC/m ol ovalbum in) prior to 
heating ; D , the sam e as curve C  after heating to  95°C.
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concentration is decreased due to intermolecular interactions. T o examine 
w hether the reversibility o f the heat denaturation process in the presence of 
CPC was influenced by protein concentration this was varied keeping the molar 
ratio o f  CPC to protein in (72 :1 ) constant.

A  protein concentration o f 25 mg/ml has been used throughout this investi
gation. N o  influence on the reversibility was found when protein concentrations 
o f 5 and 100 m g/m l were exam ined. H ow ever, when the protein concentration  
was increased a parallel displacement towards lower specific optical rotation 
values occurred.

Effect o f SDS

Figure 4  shows the effect o f 4 0  h i m  SDS on ovalbumin at pH 5 , 7  and 9 .  A t this 
concentration o f SDS optical rotation measurements at pH 3 were not possible 
due to aggregation on heating. In contrast to CPC, the effect o f  SDS on 
ovalbum in seem s to be extrem ely dependent on pH.

A t pH  values where ovalbumin carries a negative net charge, SDS has a strong 
influence on the optical rotation behaviour. Thus, the initial O R  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 o f SDS. Only a marginal further increase in optical 
rotation was registered when the temperature was raised to 95°C. Thus the 
protein  conform ation once formed at low temperature seems to be resistant to 
heat.

T he effect o f  SDS on ovalbumin at and below the isoelectric point was 
com pletely  different from that registered at pH 7 and 9. A t pH 5 the O R  curve
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Figure 4. Specific optical ro tation  of ovalbum in in 40 mM sodium  dodecylsulphate 
(SD S) as a function  of tem pera tu re  at different pH  values, (a) H eating; (b) cooling. 
A , pH  5; B , pH  7; C , pH  9.
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resem bles the one o f 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 m idpoint is at a somewhat higher temperature. Consequently, the effect 
o f SD S on the conform ation o f ovalbumin at acidic pH values is moderate in 
com parison 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 
am phiphile : protein (w /w ) as 40 h i m  CPC. The optical rotation versus tempera
ture was alm ost identical to the one obtained at pH 5 and 40 mvi SDS (Fig. 4a). 
T hus, with an addition o f SDS no reversibility of the heat-induced unfolding is 
obtained  at pH 3.

T he observed difference between ovalbumin and the two amphiphiles used in 
this investigation might partly be explained by differences in amphiphile 
m onom er concentration. Cetvlpyridium chloride (CPC) has a critical micelle 
concentration (cm c) o f 0 .9  mM at 25°C, while SDS at the same conditions has a 
cm c o f  8 mM (M ukerjee & M ysels, 1971). The lower monomeric concentration  
o f  CPC might be one important restriction for a co-operative binding o f the 
m onom eric amphiphile which seem s to be the cause of the dénaturation seen  
w ith SD S (cf. M akino, Reynolds & Tanford, 1973). The importance o f micelle 
interaction, which has been reported for nonionic amphiphiles (Clarke, 1975; 
Bernath & V ieth, 1972), could therefore not be excluded in the case o f CPC.

B. Ericsson, P.-O. Hegg and K. Martensson

Effect on resolubility

A  high solubility o f dried powders is often important in food technology. 
T hus, in order to illustrate to what extent functional properties o f a protein 
could be affected by addition o f an amphiphile, the effect of CPC on the solubility 
o f ovalbum in at pH 4 .7  after a heating-cooling cycle was examined. T o a 
solution  o f ovalbumin as added CPC to a molar ratio o f 72. A s a reference, an 
ovalbum in 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 
m easured as the absorbance o f the supernatants at 280 nm. Ovalbumin without 
CPC was soluble only to a marginal extent (0 .6% ), while ovalbumin in presence 
o f CPC was com pletely soluble (100% ), i.e. the addition o f CPC brings about a 
com plete resolubility o f the protein after a very strong thermal treatment.

Conclusion

A ddition  o f CPC in high concentrations, i.e . well above the cmc o f 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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Conform ational 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 treatm ent was reversed on cooling. N o evidences could be found from 
O R  or C D  measurem ents for differences in conformation between the unheated 
ovalbum in-C PC  com plex and the one which has been exposed to the heating
cooling cycle.

W ork is in progress to examine the effect o f 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, m ethods to study conformational changes complementary to those 
included here are used.

Protection o f ovalbumin by an amphiphile
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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

C H A Y  B. PH A M  a n d  R. R. d e l  R O SA R IO

Summary

This study was conducted to determine the effects of temperature, time and 
concentration o f acids on the hydrolysis o f coconut and soybean meals. Using  
6 n hydrochloric acid (HC1), the com plete hydrolysis of soybean meal was 
reached after 36 hr at 95°C, while it took only 24 hr to com plete the process 
when 18 n  sulphuric acid (H 2S 0 4) was used at the same temperature. Coconut 
protein  exhibited som e degree o f resistance to hydrolysis. Using 10 n  H C land  
18 n  H 2S 0 4 in two separate tests, it took 48 hr to com plete hydrolysis at 95°C. 
Sulphuric acid caused a considerably greater decom position o f amino acids than 
HC1 during longer periods o f reaction with high acid concentration and 
tem perature. Flavour developm ent is a function o f the free amino acids released  
which in turn is a function o f acid 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 
condim ent but also a source o f amino acids in the diet.

C oconut, a major industrial crop in the Philippines is a potential raw material 
for the production o f protein hydrolysates. The annual production o f the dried 
coconut m eat o f ‘copra’ in 1975 amounted to 2 million metric tons. It is a source 
o f oil and protein. H ow ever, oil is the only com ponent used for food in major 
quantities. The protein in the residue estimated at about 420000 tons is used 
primarily as feed supplem ent just like soybean meal. There is a need to develop  
other uses for this large amount o f protein source.

T he production o f protein hydrolysate from plant proteins has been done 
using m icrobial fermentation. This process however, is slow and takes from 4 to
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6 m onths to accomplish. The use of mineral acids reduces the time required to 
accom plish hydrolysis. These products made by acid hydrolysis are available in 
E uropean, American and in Japanese markets (Yong & W ood, 1974; Minor, 
1945).

Several studies have indicated that for analytical purposes acid hydrolysis can 
best be achieved by treatment o f protein or peptide with 6 n  HC1 at 110°C for 
24 hr under conditions that rigidly exclude oxygen, non-protein substances and 
m etals (M oore & Stein, 1951; Harfenist, 1953; Smith & Stocked, 1954). The 
hydrolysis o f protein samples as a function o f time was studied by Hirs, Stein & 
M oore (1954) who suggested corrections necessary for incomplete hydrolysis or 
for destruction o f amino acids. Peptide hydrolysis as shown by Vickery (1922) is 
nearly com pleted by boiling gliadin with 20% HC1 for 20 hr or 4 n  HC1 for 50 hr. 
T he hydrolysis rate o f gelatin at three temperatures and with different concen
trations o f HC1 and H 2S 0 4 to determine the order of the reaction was also 
studied by G reenberg & Burk (1927). W ilcox, Cohen & Tan (1957) treated 
soybean protein with 5 n  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 10 n  HC1 showed that the 
general kinetics o f acid hydrolysis is described by the splitting of bonds involving 
cystine, serine, threonine, proline, hydroxyproline and ammonia residues 
(G ordon , Martin & Synge, 1941). A  mixture of soybean and wheat, hydrolysed  
by refluxing with constant boiling HC1 (20% solution) until a maximum concen
tration o f am ino nitrogen was obtained was also studied (Minor, 1945).

Inform ation on the conditions required in the hydrolysis process involving 
defatted coconut and soybean proteins is still limited. There is not enough  
inform ation also on the flavour developm ent o f the proteins in the products. 
T herefore, this study was conducted to determine the process variables and the 
correlation between flavour developm ent and amino acids released for optim iz
ing product quality.

Chay B. Pham and R. R. del Rosario

Materials and methods

Raw materials

T he proteinaceous raw materials used were coconut and soybeans. Coconuts 
(Cocos nucifera, L inn.), Laguna variety and soybeans (Glycine max [L.] Merr). 
T he U P L B , SY , variety were supplied by the Horticulture and Agronom y  
D epartm ent, respectively, o f the University o f the Philippines at Los B anos, 
C ollege, Laguna, Philippines.

Preparation o f raw materials

M ature 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.

O il 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

T he selection o f variables was based on the fact that temperature, time and 
concentration o f acids affect the hydrolysis rate, giving product characteristics 
o f the different raw materials. Each treatment was replicated twice. A  central 
com posite response experim ental design (Davies, 1963) was used to evaluate 
the influence o f processing conditions in the developm ent o f flavour. Variables 
were transformed and coded as shown in Table 1. Results were analysed by 
m eans o f a m ultiple regression to determine the process variables significant in 
flavour developm ent and the m ethod of least squares was used to obtain the best 
estim ate o f the independent variables. A ll terms not significant at the 0.05 
probability level were com bined with the residual.

R esp on se surface plots were made from the regression equations which have 
been adjusted.

Table 1. T ransform ation  and levels of independent variables

Levels
V ariab le  T r a n s f o r m - ----------------------------------------------------------------------------------------------------
sym bols a tion  - 2  - 1 . 2  - 1  - 0 .9 5  0.25 0 + 0 .5  + 0 .6 4  + 0 .9 3  + 1 .32  + 2

X , tem p e r
a tu re  (°C) (x — 81 )/22 37

X 2 tim e (hr) (x  — 40)/16 8
x \  HC1 (n ) (x  — 6)/2 2
V , H ,S 0 4 (n ) (x  -  10.5)/3.75 3 6

60 95
24 36 48

4 6
14

110 125
72 
10 
18

Experiment and variables

T w o grams o f 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. W hen the hydrolysis process was over, 
the hydrolysed product was neutralized by sodium hydroxide solution and 
filtered through a N o. 431 W hatman paper. The filtrate was used to determine 
am ino nitrogen and flavour.
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Am ino nitrogen determination

T otal nitrogen in the raw materials was determined by the micro-Kjeldahl 
m ethod  (A O A C , 1975).

T he rate o f hydrolysis was determined by measuring the amount of free amino 
acid groups released using the different values o f the formol nitrogen and 
am m onium  nitrogen (T. Sakasai & T. Yokotsuka, pers. com m .).

Five millilitres of the hydrolysed product was diluted to 250 ml with water. 
T w enty-five millilitres o f the sample was adjusted to pH 7 with 10 n  NaO H  
solution. Twenty millilitres o f 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 N aO H  solution until a pH o f 8.5 was reached. This value is T  in the 
follow ing formula:

Form ol nitrogen (% ) =  0.0014 x f x f x  200,

w here F =  factor o f N /10 NaO H  solution.
A m m onium  nitrogen o f the hydrolysed product was determined by the 

C onw ay diffusion m ethod (T . Sakasai & T. Y okotsuka, pers. com m .).
Five millilitres o f the hydrolysed product and one drop o f silicone or amyl- 

alcohol were placed in the B-bottle and then added with water to 5 cm of the 
height o f the hydrolysed sample layer. Ten millilitres of saturated K 2C 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. A fter suction, 20 ml o f N /10 H ,S 0 4 solution in the 
C -bottle containing two to three drops o f Gluck indicator was titrated with N/10 
N aO H  solution (T,):

A m m onium  nitrogen (% ) =  (T2 -  Tt) x  0.0014 x f x  20

Table 2. E ffect o f HC1 concentration  and tem perature on the am ino nitrogen* released from 
soybean  (SB ) and coconut (C O C O ) proteins

HC1
concen
tra tion
(N)

T em peratu re  (°C)

37 60 95 110 125

SB C O C O SB C O C O SB C O C O SB C O C O SB C O C O

2 20.95 22.17 54.71 42.25 85.04 72.24 98.39 94.75 98.81 98.06
4 29.87 35.14 70.92 58.64 100 87.31 100 100 t o o 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) (2 0 ) (2 0 )
10 97.12 54.56 91.90 82.62 100 100 100 100 100 100

(24) (40) (18) (2 0 ) ( 12) (14)

* P e r cent hydrolysis.
t  A ll figures in paren theses indicate tim e (hr).



where T2 =  titration value o f N /10 NaO H  against 20 ml N/10 H ,S 0 4 and 
F  =  factor o f  N /10 N aO H  solution.

Percentage o f hydrolysis is equivalent to amino nitrogen of hydrolysed 
product and am ino nitrogen in meal.
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Sensory evaluation

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

Results and discussion

Effect o fH C l concentration

T he rate o f  am ino nitrogen release (Table 2) increased with increasing HC1 
concentration , however, the extent o f the reaction was determined by the 
tem perature. A t 37 and 60°C, the hydrolysis was not com plete even at highest 
HC1 concentration. A t 125°C nearly all the amino nitrogen were released from 
soybean protein (Table 2). The minimum condition used to obtain com plete 
hydrolysis was 4 n HC1 at 95°C and required 72 hr o f reaction. Beyond this 
condition  a much shorter reaction time is needed to com plete the reaction.

T he two substrates used showed som e 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 
w here coconut protein showed a greater degree o f hydrolysis. It could be 
possible that the free amino acid content in coconut meal was higher than in 
soybean meal. T he higher the concentration, the faster is the rate o f hydrolysis. 
T hese findings confirm those o f Lawrence & M oore (1951). They found that the

Table 3. E ffect o f H ,S 0 4 concentration  and tem perature  on the amino nitrogen released from 
soybean (S B ) and coconut (C O C O ) proteins (expressed as per cent)

h ,s o 4
concen 
tra tion
(n )

T em peratu re  (°C)

37 60 95 110 125

SB C O C O SB C O C O SB C O C O SB C O C O SB C O C O

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) (2 0 ) ( 10) ( 12)

* All figures in parentheses indicate time (hr).
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rate o f 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 o f 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 o f  H 2S 0 4 concentration

Sulphuric acid and HC1 gave the same general reaction pattern. The rate of 
hydrolysis (Table 3) increasd with increasing acid concentration. H 2S 0 4 gave a 
higher reaction rate than HC1 at all temperatures, except at 37°C. A t 95°C, using 
14 n  and 18 n  concentrations, hydrolysis o f soybean protein was com plete after 
about 36 and 48 hr respectively. H ow ever, the hydrolysis reaction was accom 
panied by extensive degradation at high concentration and temperature. 
Com pared to soybean protein, coconut protein also showed greater suscepti
bility to HC1 than to H 2S 0 4. A t 95°C, the 18 n  H 2S 0 4 was sufficient only to get 
com plete conversion o f coconut protein to free amino nitrogen after 48 hr. A t 
110°C, a much higher conversion was obtained and was accompanied by amino 
acid destruction.

Chay B. Pham and R. R. del Rosario

Effect o f  temperature

T he rate o f hydrolysis of protein was greatly affected by temperature (Tables 
4 and 5). A s the reaction temperature was increased, the rate o f hydrolysis also 
increased. T he effect o f reaction temperature was more on the amino nitrogen 
released  from soybean protein than from coconut protein. But the reaction rate 
was slow er for soybean protein compared to coconut protein at 37°C. A t a 
higher tem perature, however, soybean exhibited a faster rate of hydrolysis as 
indicated by the rapid release o f amino nitrogen. There was a higher correlation  
betw een  temperature and H 2S 0 4 concentration than between temperature and 
HC1 concentration. This means that the catalytic effect o f acids on protein 
hydrolysis is proportional to the thermodynamic activity o f the hydronium ion.

Table 4. E ffect o f tem peratu re  and time on the hydrolysis of soybean (SB) and coconut (C O C O ) 
p ro te in  using 2 N HC1 (expressed as per cent)

T em p era 
tu re
(°C)

8 hr 24 hr 36 hr 48 hr 72 hr

SB C O C O SB C O C O SB C O C O SB C O C O SB C O C O

37 8.05 9.00 11.92 13.54 14.23 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 63.41 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. E ffect of temperature and time on the hydrolysis of soybean (SB ) and coconut (CO CO ) 
proteins using 6 n  H ,S 0 4 (expressed as per cent)

Tem pera
ture
(°C )

8 hr 24 hr 36 hr 48 hr 72 hr

SB CO CO SB CO CO SB CO CO SB CO CO SB coco

37 13.90 15.31 17.38 19.60 19.16 22.07 21.19 25.14 24.18 28.51
60 32.51 25.36 47.53 31.14 56.00 35.05 59.97 38.49 72.14 44.67
95 65.48 43.66 78.83 57.35 80.96 64.86 85.30 71.17 87.75 78.35

110 80.41 81.96 94.95 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 f amino acids

A t high temperatures (110°C, 125°C), using high acid concentrations (10 n  

HC1 or 14 n , 18 n  H 2S 0 4) and a long period o f reaction (48 or 7 2 hr), the amino 
acids w ere decom posed, so that total amino nitrogen obtainable from a protein  
was slightly decreased (Tables 6 and 7). This has been attributed to the 
secondary decom position o f amino acids. A lso , the additional amount of 
am m onia detected  probably originated from the decom position o f tryptophan

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

Tim e (h r)

110°C 125°C

SB CO CO SB CO CO

6 n 1 0 n 6 n 1 0 n 6 n 10n 6 n 10 n

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 4.01 1.42 2.92
48 0.06 1.88 0.87 1.81 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 (C O C O ) proteins by 
H ,S 0 4 (expressed as per cent)

Tim e (hr)

110°C 125°C

SB CO CO SB CO CO

1 4 n 1 8 n 1 4 n 1 8 n 14 N 1 8 n 1 4 n 1 8 n

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 13.31 5.24 6.96
72 4.08 8.50 2.71 3.85 12.41 15.42 6.25 8.01
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and cysteine. A t a given temperature, the rate of decom position increased with 
increasing acid concentration and time o f reaction. Between the acids used, 
H 2S 0 4 caused greater decom position than HC1. Compared to soybean protein, 
coconut protein showed more resistance to acid hydrolysis as indicated by more

Chay B. Pham and R. R. del Rosario

Table 8. R egression coefficients for flavour developm ents

HC1 H,SO 4

C oefficient!' Soybean Coconut Soybean C oconut

* 0 7.33 5.45 7.15 4.78
*1 1.48 1.41 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 .4 1 0.03**
* 1 2 -  0.16 -  0.15 -  0.14 -  0.06*
*13 - 0 .2 5 -  0.25 - 0.21 -0 .1 4
*22 - 0 .0 8 -0 .0 9 - 0.11 -0 .0 7 *
*23 -  0.08 -0 .0 6 * * -0 .1 4 -  0.09
*33 - 0 .1 8 -0 .1 5 - 0 .1 2 - 0 .1 7 ...
*123 -  0.08 - 0 .1 0 - 0 .1 2 -0 .0 8

* Significant at P = 0.05.
** Significant a t P < 0 .0 5 .
3 1 =  T em p era tu re ; 2 =  tim e; 3 =  concentration.

Table 9. A nalysis o f variance o f flavour developm ent regression

HC1 h 2s o 4

Source o f varia tion t d.f. Soybean C oconut Soybean C oconut

M odel 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

E rro r 189 0.5 1.0 0.5 0 .8

C orrec ted  total 199 7.2 6.7 5.8 5.7

R 1 0.93 0 .8 6 0.91 0.87

* Significant at P  =  0.05.
* Significant at /-’< 0 .0 5 . 

f  1 = T em pera tu re ; 2 = tim e; 3 = concentration.
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drastic conditions to effect com plete hydrolysis. The rate o f amino acid decom 
position increased with the availability o f amino acids and the presence of 
oxygen in the atm osphere using a catalyst like H 2S 0 4.

Effect o f  variables on flavour development

T he hydrolysed soybean protein had a higher flavour score than the 
hydrolysed coconut protein, either in HC1 or in H 2S 0 4 (Table 8). Statistical 
analysis show ed that all variables had a strong influence on flavour develop
m ent. T he second order o f temperature and concentration of H 2S 0 4 were 
significant at P — 0.05 (Table 9). R esponse surface o f the effect o f temperature 
and tim e to soybean protein is shown by the maximum flavour score which was 9 
for HC1 hydrolysed (Fig. 1) and 8.2 for H 2S 0 4 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 H 2S 0 4 hydrolysed (Fig. 4 ), considering temperature and concentra
tion effects.

Relationship o f flavour development and amino nitrogen

T h e  re la tio n  o f  flav o u r d e v e lo p m e n t an d  free  am in o  n itro g en  fo rm ed  d u rin g  
h y d ro ly s is  is sh o w n  in Figs 5 a n d  6. F o r tre a tm e n ts  th a t did  n o t reach  c o m p le te

Time (hr)
Figure 1. Flavour development of soybean protein hydrolysate contours as function 
of temperature and time (at 6 n HC1).
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Figure 2. Flavour development of soybean protein hydrolysate contours as function 
of temperature and time (at 10.5 n  H 2S 0 4).

Concentration (N)

Figure 3. Flavour development of coconut protein hydrolysate contours as function of 
temperature and concentration of HC1 (at 40 hr).
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Figure 4. Flavour development of coconut protein hydrolysate contours as function 
of temperature and concentration of H ,S 0 4 (at 40 hr).

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

For treatm ents that have attained com plete 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 o f the 
free am ino nitrogen as indicated by the steep slope of the line. Apparently the 
relationship is governed by the formation o f decom position products like 
am m onia which imparts unfavourable flavour.

Com parison o f the regression lines for soybean indicates faster flavour 
deterioration in the HC1 treated sample as compared to those treated with 
H 2S 0 4. T he 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 H 2S 0 4 while it is the 
other way around for the coconut meal.

T he flavour developm ent of hydrolysed coconut was very poor compared to 
the hydrolysed soybean protein. This was expected considering that the flavour 
being m easured is associated with soybean protein hydrolysate. The inherent 
differences in the com position o f 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 developm ent. The flavour of hydrolysed protein 
in sam ples which used HC1 were more favourable than those which used H 2S 0 4
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Amino nitrogen (m g/g  protein)

Figure 5. Relationship between flavour development and amino nitrogen on the rate 
of hydrolysis of soybean protein by HC1 and H ,S 0 4. Before complete hydrolysis: • ,  
HC1; x ,  H ,S 0 4. A fter complete hydrolysis: A. HC1; * , H ,S 0 4.

especially at a high concentration o f acid and prolonged reaction time. Evalua
tion o f flavour developm ent in hydrolysed soy product was complicated by a 
large number o f com pounds formed during the reaction. Although, in general, 
it follow ed  the degree o f hydrolysis o f protein, it must be accepted also that as 
the reaction proceeds, other side reactions are likely to occur.

Conclusion

Three variables o f temperature, time and concentration o f acid and its effect on 
the rate o f hydrolysis o f soybean and coconut proteins are important and 
interrelated.



Protein hydrolysate. I 33

Figure 6. Relationship between flavour development and amino nitrogen on the rate 
of hydrolysis of coconut protein by HC1 and H 2S 0 4. Before complete hydrolysis: • ,
HC1; x  , H ,S 0 4. A fter complete hydrolysis: A . HC1; * , H 2S G 4.

T he effect o f  HC1 concentration on the hydrolysis of protein was high at low 
tem perature (37°C, 60°C) compared to the effect o f H 2S 0 4 but lower at high 
tem perature (110°C, 125°C). There was a higher correlation between  
tem perature and H 2S 0 4 concentration than between temperature and HC1 
concentration. This m eans that the catalytic effect o f  acids on protein hydrolysis 
was proportional to the thermodynamic activity o f the hydronium ion. The rate 
o f  hydrolysis o f  soybean protein was greater than that o f coconut protein  
probably because the structure o f coconut is more complicated than that o f  
soybean.

T he percentage o f amino nitrogen is at its maximum when acid hydrolysis of 
the protein is com plete. Using 6 n HC1, the com plete hydrolysis o f soybean 
protein was reached after 36 hr at 95°C. On the other hand, it took only 24 hr to 
com plete the process when 18 n  H 2S 0 4 was used under the same temperature.

3
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C oconut protein exhibited som e degree o f resistance to hydrolysis. Using 10 n  

HC1 and 18 n  H ,S 0 4 in two separate tests, it took 48 hr to com plete hydrolysis at 
95°C.

H 2S 0 4 caused considerably greater decom position of amino acids than HC1 
during longer periods o f reaction (48, 72 hr) with higher acid concentrations 
(14 n , 18 n  H 2S 0 4). The maximum values o f decom position of amino acids from 
soybean protein using 10 n  HC1 were 4.29%  at 110°C and 9.23%  at 125°C. With 
18 n  H 2S 0 4, the maximum values were 8.5%  at 110°C and 15.42% at 125°C. 
T hese values were obtained after a period o f 72 hr. This explained more clearly 
the greater effects on the relationship between temperature and H 2S 0 4 than 
b etw een  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  
betw een  the developm ent o f flavour and the release o f amino acids.

Chay B. Pham and R. R. del Rosario
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Production of a food grade flour from defatted corn germ 
meal

R. B A R B IE R I a n d  E. M. C A SIR A G H I

Summary

A  defatted corn germ flour o f good organoleptic and nutritional quality was 
obtained by applying a milling and screening process to a commercial defatted  
corn germ m eal. The flour contains about 20% protein o f good nutritional 
quality, above 60% starch and minor quantities o f fat (1.7% ), fibre (3.3% ) and 
m inerals (8.42% ). The last are interesting for their content in potassium, 
m agnesium , iron and zinc. H eat effects on protein were evaluated in the 
interm ediate and final products o f 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

D efatted  corn germ flour, the extraction residue of the corn oil industry, has a 
protein content o f  17-18%  and a total carbohydrates content o f about 65%. 
Lipid content is 1-2%  and crude fibre about 8-10%  (Peri & Barbieri, 1980). The 
corn germ  proteins are o f good nutritional quality with a protein efficiency ratio 
(P E R ) V alue o f 2 .1 , comparable to that o f soya protein (Satterlee, Marshall & 
T ennyson , 1979); E U D  (enzymatic ultrafiltrate digestibility) is 67, which is 
similar to , or higher than the values obtained from proteins o f other vegetable 
sources (Fidanza, 1978). Furthermore, defatted corn germ meal does not 
contain  m ajor anti-nutritional factors.

In spite o f 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  form ulations (Restani etal., 1981; Blessin, etal. 1973).

Present availability and uses o f corn in Europe

Figure 1 shows data o f corn availability (usable production plus imports minus 
exports) in the major E E C  countries in 1978-79 (FA O , 1979; Eurostat, 1980; 

Authors’ address: Istituto di Tecnologie Alim entan, via Celoria 2, 20133 Milano, Italy. 
0022-1163/83/0200-0035 $02.00 ©  1983 Blackwell Scientific Publications
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Figure 1. Corn availability in European Community Countries (l(X)Ot).

IN E A , 1979; A ssitol, pers. com m .). Figure 1 represents 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 elsew here (R iva, 1981) shows that corn availability in the same coun
tries rem ained substantially stable during the last decade or showed a trend to a 
lim ited growth. Concerning the quantities indicated as for ‘other uses’ they are, 
for the m ost part, subjected to the separation of germ, which is destinated to the 
corn oil extraction.

Figure 2 reports the com  germ availability (FA O , 1979; Eurostat, 1980; INEA, 
1979; A ssito l, pers. com m .). Data are further differentiated according to the 
technology o f 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 
o f 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 consum ption after the oil extraction. In fact, the corn germ obtained by 
the w et 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 o f Figs 1 and 2. First, 
only a very minor proportion o f corn is actually degerminated. If all or most o f  
the corn available were degerminated it would lead to a substantial contribution, 
in term s o f oil and protein availability. A t present degermination o f all available 
corn is not practicable for econom ical reasons: high degermination costs, higher 
value o f w hole kernels when used for animal feeding, low commercial value of 
defatted  meal. Changes in the oil exchange market and policies, and valuation 
o f defatted  flour as a food ingredient might change the econom ic terms o f this
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Figure 2. Corn germ present availability in European Community Countries (10001). 
Y / / / / / / A  . Corn germ by wet milling process: F I corn germ by dry milling
process.

problem  and m ake the degermination process profitable. Figures also show that 
Italy m ay be particularly interested in the prospect considering the very high 
consum ption o f corn in our country. For this reason corn germ flour has been  
included in a list o f possible sources o f protein for food use in a research project 
supported by the National Research Council (CNR) of Italy.

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

Materials and methods

A ll data reported in this paper were obtained from germ separated according to 
the dry milling process. Proximate analysis o f germ products was performed in 
duplicate. M oisture content was determined by drying to constant weight at 
105°C, protein by macroKjeldahl technique using the nitrogen-to-protein  
conversion factor 6.25 (A O A C , 1970). A sh was determined by heating at 550°C 
overnight; an atom ic adsorption spectrophotom eter was em ployed for the 
determ ination o f minerals. Lipids were determined after extraction by diethyl
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ether in a Soxhlet apparatus (Giuliano & Stein; 1970). W endee’s (1972) 
m eth od , m odified by Cirilli (1972), was used for the determination o f crude 
fibre. Total carbohydrates were calculated as difference.

T he determ ination o f digestibility and the calculated protein efficiency ratio 
(C -P E R ) calculation were carried out following the m ethod o f Satterlee 
m odified  by Fidanza (Fidanza, 1978).

Food grade corn germ meal

Results and discussion

Corn germ o il extraction process: composition and protein quality o f the inter
mediate and fina l products

A n  industrial oil extraction process was studied to evaluate the extent o f the 
degradation effects o f the various process steps on protein fractions.

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

T able 2 presents the mineral content o f defatted germ meal. The mineral 
com position  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) 5.4
K (mg/100g) 945.0
Ca (mg/100g) 18.5
Mg (mg/100g) 425.0
Fe (mg/100g) 16.2
Mn (mg/100g) 2.1
Zn (mg/100g) 11.4
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 m ay be concluded that the corn germ meal obtained as a residue of the 
extraction process can be considered a valuable source o f nutrients, particularly 
o f  proteins o f  good  nutritional quality.

Fractionation o f defatted germ meal

T he main obstacle to the direct use of the defatted meal in food formulations 
is due to the presence o f fibrous fragments o f 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 
fragm ents and to increase the protein concentration, defatted meal was 
subjected  to a m illing-screening procedure according to the scheme in Table 3. 
T he refined fraction, representing 70% of the defatted m eal, has a lower crude 
fibre content and a slightly higher protein and lipid content. This is due essen
tially to  the rem oval o f 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 o f extrusion and cooking experiments 
carried out on this material to produce expanded snacks (Peri, Barbieri &

Table 3. Fractionation of defatted germ meal

Moisture
Protein
Fat
Crude fibre 
Ash
Total carbohydrates

Milling

Screening 
(60 mesh)

Moisture 8.5% Moisture 8.8%
Protein 16.7% d.b. Protein 20.2% d.b.
Fat 1.1% d.b. 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.

Corn germ cake

9.5%
19.2% d.b. 
1.4% d.b. 
4.5% d.b. 
7.26% d.b. 

67.6% d.b.
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Casiraghi, 1982). Several other uses in bread, baked products and nutrient 
snacks have been succesfully experim ented by food industries in the same 
research project.

Food grade corn germ meal
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Physical, chemical and nutritional quality of extruded corn 
germ flour and milk protein blends

C. P E R I, R . B A R B IE R I AND E. M. C A SIR A G H I

Summary

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

Introduction

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

In a previous study (Barbieri & Casiraghi, 1983) a product mild in taste and 
flavour, o f w ell balanced com position and o f good nutritional quality was 
obtained  by eliminating the coarser fibrous constituents by a m illing-screening  
process. It was demonstrated that extrusion cooking could substantially 
im prove the organoleptic and hygienic quality of defatted corn germ flour, 
m aking 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 . m axim ize expansion and crispness, minimize heat damage o f 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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im prove the physical and nutritional quality o f the extruded product, the corn 
germ flour was supplem ented with corn starch and milk proteins.

Corn m eal has been supplem ented with soy flour and dry milk (Anderson et 
al., 1969; A nderson et al., 1971) and with whey product and soy flour and 
iso lates (A guilera & K osikowski, 1978) and then extruded. Sensory and func
tional properties o f extruded corn soyblends have been studied by Maga & 
L orenz (1978).

Materials and methods

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

Table 1. Composition of blends

Ingredients

Blends

A B c D

Defatted corn germ flour (%) 85 85 85 85
Milk protein (%) - 5 10 15
Native corn starch (%) 15 10 5 -

N ative corn starch (type: G lobe 03401) obtained from an industrial wet 
m illing 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 
Ferm iere’ (LPF, France; Type: Prospe L801). D efatted corn germ flour (85% in 
each blend) was obtained with a m illing-screening procedure (Barbiéri & 
Casiraghi, 1983). A s expected the com position o f the blends mainly varied for 
the protein  : starch ratio, the concentration o f all other com ponents (fat, fibre, 
ash and m oisture) being essentially the same (Table 2).

Table 2. Analytical composition of ingredients and blends

Moisture
(g/100g)

Protein
(g/100g
d.b.)

Fat
(g/100g
d.b.)

Fibre
(g/100g
d.b.)

Ash
(g/100g
d.b.)

Carbo
hydrates
(g/100g
d.b.)

Ingredients
Germ 8.8 20.2 1.7 3.3 8.42 66.3
Milk protein 7.8 85.2 0.9 - 1.42 12.5
Starch 9.1 - - - 0.13 99.9

Blends
A 7.4 16.8 1.6 2.8 7.05 71.7
B 8.1 20.5 1.7 2.8 7.32 67.7
C 8.2 24.8 1.8 2.8 7.44 63.2
D 7.2 28.5 1.8 2.8 7.68 59.2
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Table 3. Chemical characteristics and biological quality of ingredients and blends proteins
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Total
protein
(g/100g
d.b.)

Milk
protein/
total
protein
(%)

Chemical
score

Protein
digesti
bility
(%) C-PER

Available
lysine
(g/100g
d.b.)

NSI
(%)

Ingredients
Germ 20.2 - 70 77.8 2.0 0.53 20.8
Milk protein 85.2 - 95 90.1 2.7 3.94 77.1

Blends
A 16.8 - 70 77.8 2.0 0.53 20.8
B 20.5 23 80 78.7 2.5 0.65 32.2
C 24.8 36 86 81.0 2.4 0.81 39.6
D 28.5 45 91 84.1 2.5 0.89 45.0

T he chem ical characteristics and the oiological quality o f proteins are shown 
in T able 3. T he biological quality o f proteins as well as available lysine and 
nitrogen solubility obviously increase by increasing the amount o f milk proteins.

Extrusion cooking was carried out using a double-screw Creusot-Loire BC 45 
extruder (die diam eter 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. D eterm ined by drying to constant weight at 105°C.
Ash. D eterm ined by dry ashing at 550°C; minerals were determined by 

atom ic absorption spectrophotom etry.
Protein nitrogen. The nitrogen to protein conversion factor used was 6.25 

(A O A C , 1970).
Lipids. A fter extraction by diethyl ether in a Soxhlet apparatus (Giuliano & 

Stein; 1970).
Crude fibre. W endee’s m ethod (Cirilli, 1972).
Total carbohydrates. Calculated as difference.
Nitrogen solubility index (NSI). A O A C  method (1970).
In vitro digestibility. The determination o f digestibility was carried out by in 

vitro proteolysis (Satterlee, Marshall & Tennison, 1979).
Available lysine. Carpenter’s m ethod (1960).
Expansion ratio. The degree o f expansion of the extruded product was 

calculated by the ratio, extruded product diameter : die orifice diameter; expan
sion was evaluated as an average o f ten measurements.

Textural proprieties. Texture of the experimental material was evaluated  
using an Instron universal testing machine (M odel TM, Instron Engineering
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C orp ., U .S . A .)- A  W erner Bratzler shear was used to evaluate shear force. The 
sam ple was inserted into a triangular opening in the blade between two rec
tangular bars. T en samples from each experiment were tested. Shear force was 
m easured by height o f peaks; crosshead speed was 20cm /m in and full scale 
deflection  10 kg.

Gelatinized starch. T he degree o f starch gelatinization is defined as the ratio 
o f  gelatinized and total starch in the product. This was calculated from spectro- 
photom etric m easurem ents at 600 nm of the starch-iodine com plex formed in 
an aqueous suspension o f the sample before and after com plete solubilization  
o f  the starch by alkali (W atton, W eeden & Munk, 1971).

Water absorption index (WAI). The water absorption index is the weight of 
gel obtained per gram o f dry sample. The m ethod we have applied is a m odifica
tion  o f  the m ethod o f A nderson et al. (1969) to measure the swelling power o f  
starch.

Viscosity. V iscosity measurements were carried out on a 40% aqueous 
suspension  o f the extruded materials, at 20°C, using a M LW -VEB Prugerate- 
W erk viscom eter.

CM
E

CO
to<1>
CO

a
CD

SZU)

Ll!

------- 1--------------M------------------ H--------------- 1------
15 2 0  25 3 0

A B  C D
Protein (g/IOOg d.b.)

Figure 1. Effect of protein content on expansion ratio and shear stress (kg/cm2). • ,  
Blends extruded at 150°C; ▲, blends extruded at 170°C.
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Results and discussion

Physical and functional proprieties

F ig u re  1 re p o r ts  th e  ex p a n s io n  ra tio  a n d  a m easu re  o f  h a rd n ess  (sh e a r  stress 
n e c e s sa ry  to  c u t th e  sam p le  in th e  In s tro n  a p p a ra tu s )  o f  th e  e x tru d e d  p ro d u c ts  as 
a  fu n c tio n  o f  to ta l  p ro te in  c o n te n t. A s  it is ev id en t from  th e  o sb e rv a tio n  o f  th e  
c u rv e s , th e  tw o  p a ra m e te rs  show  an  a lm o st sym m etrica l an d  o p p o s ite  v a r ia tio n . 
T h is  s im p ly  m e a n s  th a t  th e  h a rd n e ss  o f  th e  sam p les  is g re a te r  th e  less ex p a n d e d  
th e y  a re .

In  g e n e ra l,  a s tro n g  p o sitiv e  c o rre la tio n  ex ists b e tw e e n  ac cep tab ility  o f  th e  
e x tru d e d  p ro d u c t  a n d  its  c r isp in ess , w hich  is in  tu rn  positive ly  c o r re la te d  to  the  
d e g re e  o f  e x p a n s io n . T h e  fo llow ing  co n c lu sio n s can  be  th e re fo re  d ra w n  from  
d a ta  r e p o r te d  in Fig. 1:

(1 ) S a m p le s  o b ta in e d  a t 150°C a re  co n sis ten tly  b e tte r  th a n  sam p les  o b ta in e d  a t 
170°C .
(2 ) A t  th e  h ig h e r  te m p e ra tu re ,  ex p a n sio n  d ec rea se s  (a n d  h a rd n e ss  in creases) 
w ith  in c re a s in g  p ro te in  c o n te n t , w h ile  a t 150°C a m ax im u m  v a lu e  o f  e x p a n 
s io n  w as o b ta in e d  a t  a n  in te rm e d ia te  p ro te in  c o n c e n tra tio n .

Protein (g /IO O g d.b.)

Figure 2. Effect of protein content on water absorption index (WAI) and on starch 
gelatinization degree. • ,  Blends extruded at 150°C; ▲, blends extruded at 170°C.
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F ig u re  2 show s th e  v a riab ility  o f  th e  w a te r  a b so rp tio n  index  (W A I) a n d  o f  th e  
d e g re e  o f  s ta rc h  g e la tin iza tio n . In  a ll cases , a t b o th  150 a n d  170°C th e se  values 
sh o w  a  m a x im u m , c o r re sp o n d in g  to  th e  lo w est a d d itio n  o f  m ilk  p ro te in s .

F ig u re  3 sh o w s th e  rh e o lo g ic a l b e h a v io u r  o f  th e  su sp en sio n s in w a te r  o f  th e  
e x t ru d e d  sam p le s . F o r  p u rp o se  o f  co m p ariso n  Fig. 3 a lso  re p o rts  th e  d a ta  
o b ta in e d  fro m  th e  n o n -e x tru d e d  b len d s . A s  it c lea rly  a p p e a rs  fro m  th e  o sb erv a- 
t io n  o f  th e  g ra p h s , e x tru s io n  d e te rm in e s  a su b s ta n tia l in c rease  o f  v iscosity  a t all 
s h e a r  r a te  v a lu es  a n d  a  c h a n g e  fro m  a n ew to n ian  to  a n o n -n e w to n ia n , i.e . 
p s e u d o p la s t ic ,  b e h a v io u r . T h is  re su lt  is th e  co n se q u en ce  o f  th e  h e a tin g  e ffec ts

C. Peri, R. Barbieri and E. M. Casiraghi

Figure 3. Shear stress ( t  ) versus shear rate (dv/dl) of different blends before and 
after extrusion, (a) o , □, A , V , Blends A, B, C and D before extrusion T,
blends A, B, C and D extruded at 150°C. (b) • ,  ■. ▲, ▼, Blends A, B, C and D 
extruded at 170°C.

o n  th e  s tru c tu re  a n d  p ro p e r t ie s  o f  th e  v a rio u s  co n s titu e n ts ; p a rticu la rly  p ro te in  
a n d  s ta rc h . T h e  s ta rc h  g e la tin iz a tio n  a n d  a m ild  p ro te in  d é n a tu ra tio n  in crease  
s ta rc h  a n d  p ro te in  affin ity  fo r  th e  w a te r  p h ase  a n d  p ro m o te  in te r-m o lec u la r 
b o n d s . T h is  re su lts  in  m a c ro m o le c u la r  ag g reg a tes  w hich  in te rfe re  in  th e  flow 
b e h a v io u r  o f  th e  su sp en sio n . O n  th e  o th e r  h a n d  excessive h ea tin g , cau sin g  a 
g r e a te r  d é n a tu ra t io n  o f  th e  c o n s titu e n ts , p a rticu la rly  p ro te in s , d ep re sse s  th e  
a b o v e  m e n tio n e d  p h e n o m e n a  as it is e v id e n t co m p arin g  th e  rh eo lo g ica l 
b e h a v io u r  o f  th e  sam p les  o b ta in e d  a t 170°C w ith  th o se  o b ta in e d  a t 150°C.
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T h e  co n s is ten cy  o f  d a ta  p re se n te d  in Figs 1, 2 an d  3 allow s to  d raw  c lea r 
in d ic a tio n s  on  th e  e x tru s io n  co o k in g  effec ts  on  physical p a ra m e te rs , w h ich  can 
b e  so  su m m a riz e d :

(1 ) C o n s id e r in g  th e  effec ts  o f  ex tru s io n  te m p e ra tu re ,  d a ta  show  sign ifican t 
d if fe re n c e s . In  sam p le s  o b ta in e d  a t  150°C all p a ra m e te rs  re la te d  to  th e  w a te r- 
p ro d u c t  in te ra c tio n s  ( th e  s ta rc h  g e la tin iza tio n  d eg ree , th e  W A I, th e  v iscosity  o f  
w a te r  su sp e n s io n )  sh o w  g re a te r  va lues. A ll th e se  p a ra m e te rs  a re  d irec tly  re la te d  
to  e x p a n s io n  a n d  crisp in ess  o f  th e  p ro d u c t, a n d  h en c e  to  its p a la tab ility . 
W h a te v e r  th e  e x p la n a tio n , th e se  find ings a re  o f  sign ifican t p rac tica l in te re s t.
(2 ) C o n c e rn in g  th e  m ilk  p ro te in  a d d itio n  th e  co m p ariso n  o f  d a ta  is co n sis ten t. 
A t  170°C  th e  a d d itio n  o f  m ilk  p ro te in s  has n eg a tiv e  effec ts  o n  s ta rch  g e la tin iza 
t io n , w a te r  a b s o rp tio n  (a lso  re su ltin g  in lo w er viscosity  o f  su sp en sio n s) an d  
e x p a n s io n . T h e  h ig h e r th e  m ilk  p ro te in  c o n c e n tra tio n , th e  h a rd e r  th e  e x tru d e d  
p ro d u c ts  a re . In  c o n tra s t ,  a t  150°C a sm all a d d itio n  o f  m ilk  p ro te in s  (S am p le  B ) 
c le a rly  im p ro v e s  th e  o rg a n o le p tic  ch a rac te ris tic s  o f  th e  e x tru d e d  p ro d u c ts . 
S ta rc h  g e la tin iz a tio n , v iscosity  o f  th e  w a te r  su sp en sio n , ex p an sio n  a n d  c risp i
n ess  a r e  all in c re a se d . H ig h e r  m ilk  p ro te in  c o n c e n tra tio n s  cau se  a d ec rea se  o f  all 
p a r a m e te r s  as w ell as o f  o rg a n o le p tic  ac cep tab ility .

Biological quality evaluation

L y sin e  a v a ila b ility , N S I an d  in vitro d ig estib ility  o f  p ro te in , w e re  e v a lu a te d  to  
s tu d y  th e  in flu en c e  o f  th e  e x tru s io n  co o k in g  p ro cess  on  th e  b io log ica l q u a lity  o f  
p r o te in ;  d a ta  a re  r e p o r te d  in Figs 4 , 5 a n d  6. A v a ilab le  lysine (F ig . 4 ) an d

i-oo r

0-50

0-35
15 20 25

C
30

A B D
Protein (g/100 g d.b.)

Figure 4. Available lysine of the different blends before and after extrusion. ▼. Not 
extruded blends; • ,  blends extruded at 150°C; ■, blends extruded at 170°C.

4
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A B C D
Protein (g/100 g d.b.)

Figure 5. Nitrogen solubility index (NSI) of the different blends before and after 
extrusion. ▼, Not extruded blends; • ,  blends extruded at 150°C; ■. blends extruded 
at 170°C.

nitrogen solubility index (Fig. 5) show a similar pattern of variation. Both  
param eters increase by increasing protein concentration as the obvious conse
quence o f  the increase o f milk protein content. Extrusion determines a decrease 
o f both parameters, this effect being substantially greater at higher tempera-

Protein (g/100 g d.b.)
Figure 6. Protein digestibility of the different blends before and after extrusion. T, 
Not extruded blends; • ,  blends extruded at 150°C; ■, blends extruded at 170°C.
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ture. It is interesting to observe that protein o f Sample A  (no milk protein 
added) are m ore stable to heating effects. The addition o f milk protein powder 
which also brings small amounts o f lactose in the blends certainly results in an 
increase o f  heat damage due to the incidence o f Maillard reactions.

T hese results, however related to the specific extrusion plant used in our 
experim ents, are representative o f more general trends. D e M uelenaere & 
B uzzard (1969) studied the availability o f lysine in full fat soy and in mixtures 
contain ing soy, skim milk powder and cereal. N o destruction o f available lysine 
occurred w hen full fat soybeans were extruded; conversely available lysine was 
reduced by 28%  during extrusion of products containing skimmed milk.

In an extensive study o f 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%  o f  total protein.

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

Conclusions

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

B oth  organoleptic and nutritional qualities are improved by the addition o f a 
small am ount o f undenatured milk protein. In our case milk proteins account for 
about 23% o f the total protein content.

T he 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 . P A R E D E S-L Ó P E Z * a n d  R. M O R A -E SC O B E D O

Summary

N o  studies have been previously reported on the effects o f storage on the quality 
o f lim ed maize meal. The aim o f this work was to study changes in the quality of 
lim ed m aize meal for tortilla making during accelerated storage conditions. The 
lim ed m eal was stored at four relative humidities (55, 62, 75 and 83%) for 10 to 
90 days, using a storage temperature o f 35°C. The parameters fat acidity, 
insoluble residue protein, available lysine, in vitro digestibility and protein 
efficiency ratio were investigated. Major alterations o f these parameters 
suggested that storage had profound effects on the meal quality. Sensory 
attributes o f tortillas prepared with the stored meal further confirmed that 
storage was responsible for quality deterioration.

Introduction

In terms o f volum e, maize is the most important grain produced in M exico. 
M aize also represents the most important food source. A bout 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 consum ption o f maize provides about 70% of the calories and 
about one half o f  the proteins (Paredes-López & Gallardo, 1981; Ram irez- 
H ernández & Chávez, 1981). It is noteworthy that in som e southern regions of 
the U .S .A .,  the tortilla making process is also quite popular (M artinez-Herrera 
& L achance, 1979).

R esearch studies have shown that during the liming of maize, losses of som e of 
the nutrients take place, but what is most interesting is the increase o f amino 
acid availability, and in general the marked improvement o f the overall quality
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o f  m aize (Bressani, Paz y Paz & Scrimshaw, 1958; Cravioto et a i,  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-L opez & Saharopulos, 1982). The use o f industrially produced limed 
m eal for tortilla preparation, and similar products, is gaining widespread accep
tance. A t present, about 8% of the total amount o f maize consumed for tortilla 
m aking goes to twelve industrial plants for preparation of limed maize meal.

T he purpose o f 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.

O. Paredes-Lopez and R. Mora-Escobedo

Materials and methods

Sample

A  com m ercial white dent maize hybrid (Zea mays L .) was used throughout 
this work. The treatment o f maize kernels for the production of limed meal was 
carried out at one o f the industrial plants o f C O N A SU PO  —  the government 
ow ned  food  corporation.

Storage conditions

Portions o f 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 
hum idities, were: N H 4N 0 3, 55%; N a N 0 2, 62%; NaCl, 75%; and KC1, 83% 
(R ockland, 1960). The desiccators were kept in a constant temperature cabinet 
at 35°C for 10 to 90 days. The conditions used for storage represent som e o f the 
clim atological conditions o f the country. The presence of an arrow in som e of 
the figures indicates that, at that particular storage condition, the maize meal 
sam ple showed definitive evidence o f mould growth.

Analytical methods

Protein content was determ ined by a microKjeldahl method and fat acidity by 
titration with K O H  (A O A C , 1975).

Protein solubility

T he fractionation o f maize proteins was carried out as described by Landry & 
M oreaux (1980), with som e modifications. For this purpose, 10 g meal and 
100 ml extractant were used. The 1 hr extraction was performed in a reciprocat
ing shaker. In each case the extraction was repeated using 30 min o f shaking. 
T he solid material was isolated from extractants by centrifuging at 2 0 0 0 0 g  for



25 m in. T he extraction was as follows: Step 1, 0.05 MNaCl; Step 2, H zO; Step 3, 
55%  isopropyl alcohol (w/w) with 0.6%  o f 2-m ercaptoethanol (v/v). After 
extracting albumins +  globulins (Steps 1 +  2), and zeins +  glutelins (Step 3), 
variations in the amount o f remaining (residue) protein were followed very 
closely.
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Protein quality

A vailable lysine was determ ined by the fluorodinitrobenzene (FD N B ) 
m ethod  (B ooth , 1971). The overall coefficient o f variation for available lysine 
determ inations was 11.1 %. The in vitro digestibility o f protein was measured by 
the m ulti-enzym e system o f  Hsu etal. (1977). The multi-enzyme system consists 
o f trypsin, chymotrypsin and peptidase. The standard deviation was ±  0 .82.

Six m ale weanling rats, 22-23 days old weighing 27-28 g, were used in each  
determ ination o f protein efficiency ratio (PE R ). Protein levels in all maize meal 
diets w ere adjusted to 9% . The casein diet was a standard diet. PE R  values 
reported  w ere adjusted with reference to the standard PE R  o f casein o f 2 .5. The 
overall standard deviation was ± 0 .3 0 .

Sensory tests

O rganoleptic quality of tortillas made with the stored meal was evaluated by a 
five m em ber taste panel. Flavour, colour, aroma, texture and consistency were 
rated on  a hedonic scale o f 1-5 where 5 was rated ‘excellent’. D ata for each  
param eter are reported as the mean o f five observations. A n  overall rating of 
tortillas was m ade as to whether they are acceptable or unacceptable.

Results and discussion

H ydrolytic 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 hum idities and 35°C used for the storage study (Fig. 1). The most 
dramatic change occurred at the r.h. o f 83%; the fat acidity o f the sample taken 
after 2 m onths o f  storage at 83% r.h. increased from 19 to about 155 mg 
K O H /lO O g m eal. D eterm ination o f free fatty acids during storage o f cereal 
grains gives a good indication o f quality changes (Baker, Neustadt & Zeleny, 
1959). Lai & Varriano-M arston (1980) also found that during short-term storage 
o f  m illet m eal noticeable amounts o f fat acidity were produced.

T he protein solubility experim ents were carried out only with the meal stored 
at the r.h. o f  55 and 75% (Fig. 2). The percentage o f residue protein increased 
notably during the first 60 days o f storage. The unextracted protein remained 
constant after this time. Production o f 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. T he effect o f storage o f limed maize meal on fat acidity (the arrow  indicates 
visual evidence o f m ould grow th). 0 , 5  5% r.h . a t3 5 °C ;# ,6 2 %  r.h . at 35°C; ¡11,75% 
r.h . a t 35°C; B ,8 3 %  r.h . a t35°C .

T he availability o f lysine is one o f the critical factors determining the protein 
nutritional value o f tortillas. Figure 3 presents the influence of the storage 
conditions on availability o f lysine in limed maize meal for tortilla making. The 
initial content o f available lysine o f the unstored sample (2 .7 g /1 0 0 g  protein)

Storage time (days)

Figure 2. T he effect o f storage of limed maize meal on the residue protein, o . 55% 
r.h . a t 35°C; □ ,  75%  r.h. at35°C .
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Figure 3. T he effect o f storage o f limed maize meal on the availability of lysine (the 
arrow  indicates visual evidence of m ould grow th). Key as for Fig. 1.

decreased more than 47% after 60 days o f storage at all relative humidities 
tested . T he reaction o f the epsilon amino group with various substances, such as 
sugars or amide groups o f other amino acids, notably decreased the available 
lysine. A nd as suggested by J. Whitaker (pers. com m .), there could also be losses 
due to addition to dehydroalanine produced by the alkaline conditions.

Figure 4. C hanges o f in vitro digestibility during storage of limed maize meal (the 
arrow  indicates visual evidence of m ould grow th). Key as for Fig. 1.
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T he digestibility o f a food  protein is the primary determinant o f the availa
bility o f  its am ino acids. Thus, in vitro digestibility studies o f the stored meal 
w ere carried out as reported in Fig. 4. Increases o f relative humidities produced 
further decreases o f digestibility; at 55% r.h. and 90 days o f storage the digesti
bility decreased from 79 to 76% , while at 83% r.h. and same time of incubation  
this param eter was reduced to 71%. It is also worth noting that most o f the 
deteriorative effect, as m easured by the protein digestibility, was produced  
during the first 60 days o f meal storage.

T he P E R  changes during maize meal storage are presented in Fig. 5. The most 
m arked decrease occurred at the r.h. o f 75% and 60 days o f storage; PE R  
decreased  from 1.40 to 0.87. These data suggest that important detrimental 
reactions o f the protein quality are taking place under the storage conditions 
u sed  in this study, in agreem ent with the results presented in previous figures.

Storage time (days)

Figure 5. C hanges of protein  efficiency ratio  during storage of limed maize meal. Key 
as fo r Fig. 2.

T he deteriorative effects o f the storage were reflected in the organoleptic 
properties o f  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. o f 83% was not used for these 
sensory tests because o f its potential content o f mycotoxins. A s indicated in 
T able 1, there were no significant differences in the aroma of tortillas for all 
sam ples tested. Tortillas made from the sample stored at 75% r.h. were rated as 
unacceptable.

T he fatty acids produced during the meal storage might contribute to the 
reduction o f protein solubility noted in this study, as suggested by Shimada & 
M atsushita (1978). The deterioration o f lipids may cause changes in the form by
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Table 1. Sensory properties o f tortillas p repared with maize meal stored at 35°C for 60 days (All 
d a ta  a re  the  m ean of five replicates)

r.h . (% ) Flavour* Colour* A rom a* Texture* Consistency* Overall rating

C on tro l 4.2C 4.0b 2 .8a 3.2ab 3 .& b A cceptable
55 3.8bc 4.0b 2.4a 3.6ab 3.6ab A cceptable
62 3.8bc 3.0a 2 .6a S.O35 2 .8ab A cceptable
75 2.4a 2 .8a 2.4a 2 .2a 2.4a U nacceptable

* O rgano lep tic  p roperties w ere rated  on a hedonic scale o f 1-5, w here 5 =  excellent quality and 
1 =  unaccep tab le  quality.

a_cM eans w ith the sam e Ietter(s) are not significantly different {P <  0.05).

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

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

It needs to be pointed out that most o f the unwanted reactions took place 
during the first 60 days of storage; reactions that were accelerated by high 
relative hum idity and temperature. It is estim ated that quite frequently no less 
than 2 m onths are required for the limed maize meal to reach the final consumer; 
and r.h. o f  75 or 83% (or even higher) with high ambient temperatures are 
com m on in som e regions o f the country. Thus the alterations o f 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 o f maize meal (or maize kernel) in relation to effects on 
nutritional and functional properties of tortillas made from this meal. It is 
b elieved  that research studies along this topic deserve further attention.
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Prediction o f thiamine content in convective heated meat 
products

C H R IST IN A  S K JÒ L D E B R A N D ,* A . À N À S,*  R. Ò ST E t a n d  P. SJÒ D IN t

Summary

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

In this study the kinetics o f thiamine degradation in ground meat were 
determ ined. T he losses during roasting of a minced meat loaf under different air 
conditions in a forced convection oven were calculated by computer simula
tions. T he actual losses were analysed by a chemical method. The kinetics were 
found to be approxim ately o f first order. The tim e-tem perature curves and the 
thiam ine 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 o f the crust which has different thermal properties and 
gives different chem ical changes from the inner parts o f the loaf. The humidity 
and the velocity o f  the air does not effect the crust formation as much as the air 
tem perature. This fact limits the prediction of thiamine degradation to lower air 
tem peratures.

Introduction

T o be able to optim ize food processes, mathematical m odels for predicting what 
happens in the product during processing have to be made. In such m odels the 
dep en dence o f the products on the environment have to be considered. W hen  
the process involves heating or cooling the equations of the m odel controlling 
heat and mass transfer include thermal properties of the product. Thus, these 
properties must be determined. Furthermore chemical, microbiological and
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enzym ic reactions will take place during the process and the model should 
describe som e o f these reactions. This means that the kinetics have to be known.

Thiam ine is one o f 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). U p to 75% losses have been found in 
restaurant handling o f vegetables (Lang, 1970). Texeira and co-workers (1969, 
1975a) and M anson, Zahradnik & Stumbo (1970) estim ated the thiamine losses 
in sterilized cans by means o f com puter simulations. In these studies tim e- 
tem perature relationships o f the heating process were determined and the 
thiam ine losses were calculated assuming a first order reaction o f thiamine 
breakdown.

In these studies it was assumed that the surface temperature o f the cans 
im m ediately reached the surrounding temperature. Texeira, Zinsmeister & 
Zahradnik (1975b) improved the computer program by varying the surface 
tem perature with time.

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

Materials and methods

Basic considerations (Jen, Manson & Stumbo, 1971)

T he degradation o f thiamine in ground meat products has been found to 
fo llow  a first order reaction. This means that the reaction rate and thus thiamine 
content can be calculated from the following equation (Farrer, 1955)

dy
—  = k(b0- y )  (1)
dr

w here b0 is the concentration at the start and k is reaction rate constant. 
Integration o f Equation (1) gives

log bo
b

k XT

2 .3 0 3 (2)

w here b is the concentration o f  thiamine at time r.
T he reaction rate constant, k, can be calculated from the following Arrhenius
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equation

log k = -
E a

2 .303 x R
x — + B 

T

1
(3)

w here T  is the temperature, Ea is the activitation energy, B is an integration 
constant and R is the gas constant.

T hus the reaction rate constant depends on temperature. Plotting log b jb  in a 
diagram against time at constant temperature the inclination gives the reaction 
rate constant at actual temperature.

W hen describing the tim e-tem perature influence o f the reaction, it is often  
convenient to translate it into terms o f equivalent time at a reference tempera
ture. This is very com m on 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 chem ical and nutritional reactions the reference temperature is 
often  100°C and the time is called the cook value (C value). In this way Equation
(2) becom es  

b0 C
log — (4)

b D
w here D  (=  2 .303/k) is the time for a 90% reduction o f the vitamin content at 
100°C (the decim al reduction time). The temperature dependence o f D is 
calculated from Equation (3).

If log D  is plotted in a diagram against temperature the Zc value is defined 
as the tem perature raise needed to decrease the decimal reduction time ten 
tim es for a known reduction. The Zc value can often be assumed as constant for a 
specific reaction in a specific product. In this case the temperature dependence 
m ay be expressed by

log
D i

D ,

t2 - t 1

Zc
(5)

If the m eat loaf is divided into a numbers of sections the remaining vitamin 
con tent in the entire meat loaf after processing must be equal to the sum of the 
content in each o f these parts. The tim e-tem prature relationship in each section  
can be sim ulated by means o f the Fourier equation:

9 1 9 2t
—  = a x — - 
9  t  dx2

( 6 )

calculated for the actual geom etry o f the product and the appropriate boundary 
conditions.

U sing  Equation (4) for each section the following relationship is given for unit 
volum e

l

1 x 10~C/D = f  —  dv (7)J b0
o

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

A  m ixed ground m eat product was used consisting o f meat, potato starch and 
bread crumbs. The recipe was similar to one used in the food industry (Skjolde- 
brand & O lsson, 1980). The mixture was formed into a loaf with the dimensions 
200 x  50 x  50 mm. The loaf was placed in a teflon coated net cage and roasted in 
a specially designed convection oven made for purposes o f investigation  
(Skjoldebrand & O ste, 1977). The temperature in the product was measured by 
m eans o f chrom el-alum el thermocouples. O ne thermocouple was placed in the

Table 1. Chosen air conditions when heating meat loaves

A ir  velocity (m/sec)

3

5

7

9

A ir  temperature (°C) 

150

225

300

125

150

225

300

150

225

300

150

225

300

A ir  humidity*

d
h

d
h

d
h

d
h

d
h

d
h

d
h

d
h

d
h

d
h

d
h

d
h

d
h

Chosen air condition 
for thiamine analysis!

1

6

2

5

3

4

*d , ‘D ry ’ air (0 kg water/kg dry a ir)’ h, humid air (1.3 kg water/kg dry a ir). 
tT h e  figures in this column are the procedures referred to in the text.
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centre o f the product and the others at different distances from the surface. The 
tem perature on the surface was measured by means o f an IR-pyrometer 
(R aytek  Thermalert LC-814) (Skjoldebrand, 1979).

T he m eat loaf was placed in its net cage in the oven with the short side o f the 
loaf towards the air stream. In this way, due to the size o f the product, the 
tem perature 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 w eighed, before heating. W hen the temperature in the centre 
reached 70°C the heating was stopped and the loaf was taken out o f the oven, 
w eighed  and frozen in plastic pouches in liquid nitrogen 3 min later. It was 
stored for 4 w eeks in the freezer before it was analysed for thiamine content. In a 
separate program the air conditions were varied according to Table 1. From 
th ese , six different com binations were chosen in a way that a variation air 
tem perature, air velocity and air humidity could be covered (Table 1).

Thiamine analysis

A  1 cm thick slice from the middle o f the frozen meat loaf (Fig. 1) was taken 
out for thiam ine analysis. The piece was hom ogenized with distilled water in an 
‘O m nim ixer’. From the hom ogenate three individual samples were analysed. 
Three sam ples from hom ogenized raw meat were analysed at the same time. 
The thiam ine was analysed by the thiochrome method according to the A ssocia
tion o f Official Analytical Chemists (1970).

Kinetics o f  thiamine degradation

Frozen raw m inced m eat was hom ogenized together with 40% distilled water. 
T he obtained m eat purée was transferred to small glass tubes (7 x  120 mm) 
which w ere sealed with rubber plugs. The tubes were then placed in a water bath 
held at constant temperature (± 0 .1 °C ) for various lengths o f time (70.5°C: 
120, 240, 420 min; 85.0°C: 180, 270, 390 min; 98.0°C: 75 ,180 , 300 min). Using a 
therm ocouple in the centre o f 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. A t 
each tim e and temperature, three individual analyses were performed.

I cm slice for
analysis of thiamine content

n
] ! ! 11JMli_______

1 cm
calculation piece

Figure 1. The meat loaf. A  1 cm 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  com puter program was made to simulate the temperature in a 1 cm thick 
slice in the middle o f 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 
sim ultaneously.

T he Zc value was calculated separately using Equation (5) and assuming that 
the Zc value is constant. Knowing the surface temperature as a function o f time 
from each heating operation the heat resistance 1/Bi and the B iot number 
(B i =  (a  x  d)/X) were calculated. The Fourier equation for an intersection  
betw een  two infinite slabs was used to simulate the tim e-tem perature 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 o f calculations); number of 
sections in the product (Fig. 1); time intervals between printing of results; heat 
resistance (1/B i =  k/(a  x  d) ; half the thickness o f the loaf (d) ; thiamine content 
in raw product.

T he thermal diffusivity and the thermal conductivity used in the Fourier 
equation were taken from another investigation where thermal properties of 
ground m eat products were estimated (Sorenfors & Dagerskog, 1978). 
K now ing the fat and water content (Skjoldebrand & Hallstrom, 1980) the 
follow ing equation for calculating the Fourier number (Fo) was used:

0.142 x 1CT6 + 0 .6 5 x 1 CT9 [(/ + t0)]/2 -  50 x r
Fo = ------------------------------------- --------— -------------  (8)

d
T he sim ulations and calculations were made for each of the six products roasted 
in the convection  oven.

Results

Kinetics o f thiamine degradation

A  plot o f 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 (m in '1)

70.5 1.39 x  HK4
85.5 12.44 x  10-4
98.0 25.11 x  IQ“4
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2-5 -

0 60 120 180 240 300 360 420

Time (mm)

F igure  2. T he th iam ine reten tion  in ground m eat as a function of time for three 
d iffe ren t tem pera tu res (70.5, 85.0 and 98.0°C). x ,  E xperim ental value (the mean 
value o f th ree  sam ples).

c o n d it io n s  s tu d ie d . T a b le  2 show s th e  c a lc u la ted  ra te  c o n s ta n t a t th e  d iffe ren t 
te m p e r a tu re s .  F ro m  th e se  a n d  E q u a tio n  (3) th e  ac tiv a tio n  en e rg y  w as ca lcu la ted  
to  113.3  k J /m o l, w h ich  co rre sp o n d s  fairly  w ell to  investig a tio n s m ad e  by 
F e lic io tti  (19 5 7 ) (115 .4  k J /m o l)  a n d  M u lle ry  (1975) (114.5 k J /m o l) .

E s t im a t io n  o f  th e  Z c v a lu e

T h e  Z c v a lu e  is d e f in e d  as th e  n ecessa ry  te m p e ra tu re  rise  in °C n e e d e d  fo r a 
te n  fo ld  in c re a se  in  re a c tio n  ra te . F ig u re  3 show s th e  d e g ra d a tio n  tim e  as a

Temperature ( °C )
Figure 3. T he degradation  time for thiam ine as a function of tem perature. The curves 
co rrespond  to  d ifferent percentage of degradation, x , C orresponds to experim en
tally dete rm ined  data.
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fu n c tio n  o f  te m p e ra tu re  in a log line d iag ram . T h e  Z c value  is th e  slo p e  o f  each  
c u rv e . T h is  v a lu e  fo r  th ia m in e  d e g ra d a tio n  in g ro u n d  m e a t w as fo u n d  to  be  22°C 
w h ich  c o r re s p o n d s  w ell to  va lues p u b lish ed  e a rlie r  fo r  th iam in e  (L u n d , 1977).

F igure  4. S im ulated and m easured tem perature  on the surface and at different 
d istances from  the surface. A ir tem perature , 125°C; air velocity, 5m /sec; air 
hum idity , 'hum id ' air. Bi = =c,--------, M easu red ;-------- , simulated.

F igure 5. S im ulated and m easured tem perature  on the surface and at different 
d istances from the surface. A ir tem perature , 150°C; air velocity, 9m /sec; air 
hum id ity , 'd ry ' air. Bi =  1 .7 .-------- , M easu red ;-------- , simulated.
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Temperature measurements and simulations

F ig u re s  4 a n d  5 sh o w  tw o  ex am p le s  o f  t im e - te m p e ra tu re  cu rves ca lcu la ted  
a n d  m e a s u re d  in  th e  p ro d u c t  h e a te d . In  th e  c o m p u te r  p ro g ra m , th e  h e a t tra n s fe r  
c o e ff ic ie n t w as se t c o n s ta n t, w h ich  gives e rro rs  in th e  c a lc u la ted  su rface  
te m p e r a tu re  cu rv e  (S k jo ld e b ra n d , 1980). T h e  B io t n u m b e r u sed  in th e  p ro g ram  
is in d ic a te d  in  e a c h  d iag ra m . T h e  ca lc u la te d  cu rves th a t a re  show n c o rre sp o n d  
w e ll to  th e  m e a s u re d  o n es . I t  w as n o t po ssib le  to  fix th e  th e rm o c o u p le s  in 
b e f o re h a n d  d e f in e d  p laces  ex c ep t fo r  th e  o n e  a t th e  c e n tre  a n d  in th e  c o m p u te r  
p ro g ra m  th e  p ro d u c t  w as d iv ided  in to  a n u m b e r o f  sec tio n s o f  eq u a l size. T h is is 
th e  re a s o n  w h y  th e  m e a su re d  te m p e ra tu re  cu rve  is n o t a t exactly  th e  sam e 
d is ta n c e  fro m  th e  su rfa ce  as th e  c a lc u la ted  ones.

Simulation and analysis o f  thiamine content

F ig u re  6 show s th e  ca lcu la ted  th iam in e  co n te n t as a  func tion  o f  tim e a t d iffe ren t 
d is ta n c e  fro m  th e  su rface . T h is  ex a m p le  c o rre sp o n d s  to  th e  sam e sam p le  as in 
Fig. 5. T h e  p ro d u c t  w as ro a s te d  a t 150°C, 9 m /sec  a n d  dry  a ir. In  th e  d iag ram  is 
a lso  sh o w n  th e  c a lc u la te d  m ean  v a lu e  o v e r th e  w ho le  slice as a fu n c tio n  o f  t im e .

T h e  a n a ly se d  a n d  th e  s im u la ted  av e rag e  th iam in e  re te n tio n  o v e r th e  slice 
a f te r  p ro c e ss in g  o f  th e  six m e a t loaves a re  g iven  in T a b le  3. T h e  co effic ien t o f  
c o r re la t io n  w as 0 .97 . F igu re  7 show s th e  s im u la ted  m ean  th iam in e  c o n te n t 
d u r in g  th e  p ro c ess . T h e  an a ly sed  va lu es  a re  in d ica ted  in th e  d iag ram .

Time (sec)
F igure 6 . C alcu lated  thiam ine concentration  as a function of heating time and at 
d ifferen t distances from the surface. A ir tem pera tu re , 150°C; air velocity, 9 m/sec; air 
hum idity , ‘dry ' air. O, M ean calculated thiam ine content; x ,  analysed thiamine 
con ten t.
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T able 3. T hiam ine reten tion  in different roasted minced m eat 
loafs calculated  from chemical analysis and from com puter 
sim ulations

Sam ple No. Chem ical analysis C om puter 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

F igure 7. C alcu lated  and analysed thiam ine content in the six different m eat loaves 
p rocessed  in the investigation. T he num bers corresponds to the air conditions 
ind ica ted  in T able  1. (E xperim ent 5 and 6  gave the same calculated values), o ,  1; ■ ,
2; x  , 3; + , 4 ; D , 5 ; * , 6 .

I n te g r a te d  c o o k  v a lu es

T a b le  4 show s th e  in te g ra te d  c o o k  v a lu e  o f  th iam in e  o v e r th e  w h o le  slice in th e  
six lo a v e s  a f te r  th e  ro a s tin g  p ro cess .

Discussion

T h e  k in e tic s  o f  th ia m in e  d e g ra d a tio n  w ere  fo u n d  to  b e  ap p ro x im a te ly  o f  first 
o r d e r .  T h is  is in  a c c o rd a n c e  w ith  th e  find ings o f  o th e rs  (Je n , 1971; T e x e ira  e t
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T able 4. In teg ra ted  cook value in the slice 
w hen 70°C in the cen tre  o f the m eat loaf

A ir com binations C ook value (min)

1 22.4
2 26.6
3 40
4 266
5 175
6 175

al. 1975b). In  a  th o ro u g h  e x a m in a tio n  o f  th e  th iam in e  b re a k d o w n  in s te rilized  
m ilk , (H o ra k ,  1980) sh o w ed  th a t  th e  k in e tic s  a re  b e t te r  d e sc rib ed  by a  th ird  
o r d e r  re a c tio n . H o w e v e r , h e  also  sh o w ed  th a t  fo r  sm alle r losses (1 0 -1 5 % ), th e  
f irs t o r d e r  re a c tio n  is still a  g o o d  a p p ro x im a tio n . A s  show n  in  T a b le  3 th e re  is a 
g o o d  a g re e m e n t  b e tw e e n  an a ly sed  a n d  c a lc u la ted  th iam in e  re te n tio n  fo r  losses 
less th a n  1 0 % . H o w e v e r , a t  lo w er re te n tio n s  th e  ca lcu la tio n s  seem  to  o v e r
e s t im a te  th e  a c tu a l losses so m ew h a t. T h e re  m ig h t b e  a d e v ia tio n  fro m  th e  
a s s u m e d  k in e tic s  re g a rd in g  b o th  re a c tio n  o rd e r  a n d  ac tiv a tio n  en e rg y , m o re  
p ro n o u n c e d  w ith  h ig h e r losses. W ith  h ig h e r e x te n t o f  h e a t  tre a tm e n t a  c o rre s 
p o n d in g ly  la rg e r  p a r t  o f  th e  lo a f  can  b e  c h a ra c te r iz e d  as c ru s t. T h e  th ia m in e  
b re a k d o w n  in  th is  re g io n , w h e re  th e  te m p e ra tu re  ex ceed s 100°C, has b e e n  
c a lc u la te d  fro m  th e  re a c tio n  c o n s ta n ts  o b ta in e d  u n d e r  100°C.

T h e  t im e - te m p e ra tu re  s im u la tio n  cu rves fit very  w ell to  th e  m e a su re d  o n es  
fo r  th e  lo av es  sh o w n  in  F igs 4 a n d  5. T h e se  lo av es h av e  b e e n  ro a s te d  u n d e r  fa irly  
m ild  c o n d itio n s  a n d  th u s  w ith  low  h e a t  t ra n s fe r  coeffic ien ts . T h is  a lso  m ean s  
th a t  th e  c ru s t  is th in  a n d  th e  te m p e ra tu re s  o n  th e  su rface  a n d  in  th e  c ru s t a re  
fa ir ly  c lo se  to  100°C. W h e n  th e  h e a t  tra n s fe r  coeffic ien ts  in c re a sed , th e  s im u la
tio n s  g av e  cu rv es  th a t  d id  n o t fit as w ell. In  th e  p ro g ra m  th e  h e a t  re s is tan c e  w as 
h e ld  c o n s ta n t  d u rin g  th e  p ro cess . T h is  is n o t  th e  case  in  re a lity  (S k jo ld e b ra n d ,
1980). T h e  h e a t  t ra n s fe r  co e ffic ien t ch an g es  m ay  b e  o n e  re a so n . T h e  th e rm a l 
c o n d u c tiv ity  a n d  th e  th e rm a l d iffusiv ity  in  th e  c ru s t d iffe r c o m p arab ly  fro m  th e  
in n e r  p a r ts  o f  th e  lo a f  (S k jo ld e b ra n d , 1979). W h e n  th e  c ru s t is th ic k e r a n d  th u s 
fo rm s  a  g re a te r  p a r t  o f  th e  p ro d u c t,  th e se  p ro p e rtie s  w ill e x e rt a n  in flu en ce . T h is  
fa c t w ill a lso  g ive lim ita tio n s  fo r  th e  k in e tic s  u sed  fo r  th iam in e  re d u c tio n  as 
m e n t io n e d  a b o v e . F u r th e rm o re , m an y  ch em ica l a n d  physica l ch an g es  o cc u r in  
th e  c ru s t  a n d  th e y  a re  v ery  d ifficu lt to  co n tro l. T h e  c ru s t fo rm a tio n  is in flu en ced  
b y  h u m id ity , v e lo c ity  a n d  te m p e ra tu re  o f  th e  air. A t  low  a ir  te m p e ra tu re s  an d  
a n y  h u m id ity  o r  v e lo c ity  th e  ro a s tin g  co n d itio n s  a re  m ild  a n d  th e  m o d e l will b e  
a b le  to  p re d ic t  th e  th ia m in e  c o n te n t. A t  h ig h e r te m p e ra tu re s  ( >  200°C ) 
h o w e v e r  th e  re la tiv e  h u m id ity  is very  low  a n d  d o es  n o t in fluence  th e  c ru st 
fo rm a tio n . F u r th e rm o re , a t  an y  a ir  v e lo c ity  th e  a ir  te m p e ra tu re  in flu en ces th e  
fo rm a tio n  m o re  a n d  th e  m o d e l is o f  lim ited  use.

K n o w in g  th e  lim ita tio n s , th e  h e a t  tra n s fe r  coe ffic ien t, th e  th e rm a l p ro p e rtie s
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o f  th e  p ro d u c t  a n d  th e  th ia m in e  c o n te n t a t th e  s ta r t o f  th e  p ro cess  th is  m o d e l 
m a y  b e  u se d  fo r  p re d ic tin g  th e  th iam in e  c o n te n t.

T h e  c o o k  v a lu e  is v a ry in g  d e p e n d in g  o n  th e  a ir  co n d itio n s . T a b le  4 show s th a t 
th e  v a r ia t io n  fo r  a  re a d y  m a d e  p ro d u c t is very w ide.

T h is  m o d e l n e e d s  to  b e  c o m b in e d  w ith  m o d e ls  fo r  o th e r  p ro p e rtie s , w hich  
h a v e  o p tim a l v a lu es  fo r  a specific co o k  value . T h e  m o d el fo r te m p e ra tu re  
s im u la tio n s  h e re  r e p o r te d  can  b e  u sed  fo r th e se  o th e r  p ro p e rtie s  if th ey  a re  
t im e - te m p e r a tu r e  d e p e n d e n t a n d  th e ir  k in e tics  a re  know n . C o m b in in g  th e  
d if fe re n t  m o d e ls  w ill give th e  o p tim a l co n d itio n s  fo r th e  h e a tin g  p ro cess . It is 
k n o w n  th a t  th e  m e a n  th ia m in e  c o n te n t re d u ces  w ith  an  e x p o n e n tia l cu rv e , 
w h ich  is i l lu s tra te d  in  F igs 4 an d  5. I f  th e  c e n tre  te m p e ra tu re  is in c ra sed  fro m  70 
to  80°C , th e  th ia m in e  loss will in c rease  4 0 % . T h is show s how  im p o r ta n t it is n o t 
to  o v e rc o o k  th e  p ro d u c t.

Appendix

a — th e rm a l d iffu siv ity  (m 2/sec)
B =  in te g ra tio n  c o n s ta n t 
b  =  th ia m in e  c o n c e n tra tio n  a t tim e  =  r  (se c ) 
b Q =  th ia m in e  c o n c e n tra tio n  a t tim e  =  0 (sec )
C  =  C o o k  v a lu e  (m in )
D  =  d ec im a l re d u c tio n  tim e (m in) 
d  =  h a lf  th e  th ick n ess  o f  th e  m e a t lo a f  {m )
E a =  a c tiv a tio n  en e rg y  (k J /m o l)  
k =  re a c tio n  ra te  c o n s ta n t  (m in)
R  =  g as  c o n s ta n t  (J /k  m ol °K)
T  =  a b s o lu te  te m p e ra tu re  (°K) 
t  =  te m p e ra tu re  (°C) 
tQ =  te m p e ra tu re  a t  tim e =  0 (°C) 
v =  v o lu m e  (m 3)
X  =  d is ta n c e  from  th e  su rface  (m ) 
y  — th ia m in e  c o n c e n tra tio n  ( m )

Z c =  te m p e ra tu re  ra ise  n e e d e d  to  d ec rea se  th e  d ec im al red u c tio n  tim e ten  
tim e s  (°C )

a  — h e a t  t ra n s fe r  coe ffic ien t (J /m 2 °K , sec)
X =  th e rm a l co n d u c tiv ity  (J /m  °K , sec) 
r  =  tim e  (sec)
B i =  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

M O R A G  H A M IL T O N  a n d  R . B E N N E T T *

Summary

N in e  fre sh  w h ite  fish sp ec ies  (c o d , h a d d o c k , w h iting , b lu e  w h iting , ling , sa ith e , 
le m o n  so le , p la ic e , d a b )  w e re  in v es tig a ted  by sen so ry  pan e ls . A ssesso rs  cou ld  
d is tin g u ish  b e tw e e n  sp ec ies  an d  a lth o u g h  th ey  w o u ld  exp ress  re la tiv e  p re fe r 
e n c e s , th e y  d id  n o t  fee l very  stro n g ly  a b o u t th em . F lav o u r w as th e  m ost 
s ig n if ican t p o s itiv e  d e te rm in a n t o f  ac cep tab ility , te x tu re  w as n e u tra l  an d  
a p p e a ra n c e  w as e i th e r  n e u tra l  o r  n eg a tiv e . I t  is p ro b a b le  th a t  m o st fresh  w hite  
fish  c o u ld  b e  sa tis fac to rily  in te rc h a n g e d  w ith  o n e  a n o th e r  w i th o u t  causing  
a d v e rs e  c o n s u m e r  re a c tio n .

Introduction

A  v a r ie ty  o f  s tu d ie s  h av e  in v es tig a ted  c o n su m e r re a c tio n  to  th e  sen so ry  c h a ra c 
te r is tic s  o f  a  n u m b e r  o f  fish spec ies. K elly  (1969) re p o r te d  th a t  th e  accep tab ility  
o f  f ro z e n  c o d  w as a f fe c te d  m o re  by th e  d ev e lo p m e n t o f  co ld  s to rag e  flavours 
th a n  by  te x tu ra l  ch an g es . R a se k h  & K ra m e r  (1970) using  sam ples  o f  ca n n e d  
tu n a  fo u n d  th a t  c o n su m e r p re fe re n c e  w as d e p e n d e n t a p p ro x im a te ly  eq u a lly  
(4 0 % )  o n  a p p e a ra n c e  a n d  flav o u r a n d  to  a m uch  lesser e x te n t (2 0 % ) o n  te x tu re . 
C o n n e l l  &  H o w g a te  (1971) in v es tig a ted  th e  accep tab ility  o f  co d  an d  h a d d o c k  
o v e r  a  w id e  ra n g e  o f  fre sh n ess  a n d  co n c lu d e d  th a t,  a f te r  fro zen  s to ra g e , flav o u r 
w a s  a  m o re  im p o r ta n t  c r ite r io n  o f  q u a lity  th a n  te x tu re . L a s le tt  &  B re m n e r  
(19 7 9 ) c o n d u c te d  a se rie s  o f  s to ra g e  tria ls  w ith  m in ced  flesh fro m  A u s tra lia n  fish 
sp e c ie s  a n d  c o n c lu d e d  th a t  o ff-flav o u r, o ff-a ro m a  a n d  flav o u r w e re  ju s t  as 
im p o r ta n t  as te x tu re  v a r ia b le s  in d e te rm in in g  th e  accep tab ility  o f  fro zen  fish 
p ro d u c ts .

S u c h  s tu d ie s  a re  d raw in g  co n c lu s io n s  a b o u t accep tab ility  as in flu en ced  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.

T he investigation described here was conducted with fresh white fish of good  
quality to establish if consumers could distinguish between nine com monly 
encountered species (cod, haddock, whiting, blue whiting, ling, saithe, lemon  
so le , plaice, dab); whether they had preferences for som e species over others; 
and determ ine which o f 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 
som e o f them  were preferred to others (Ham ilton, 1980). A n investigation  
carried out with two o f the species (whiting and blue whiting) before and after 
incorporation into five products had also established that preferences which 
existed  betw een 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

A ll the sam ples o f fish (other than the blue whiting) were selected at the 
A b erdeen  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 o f fillets were 
controlled  by specifying the length o f fillet for each type o f fish based on the 
length o f 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) 
(H ow gate, 1977). The blue whiting was caught and handled under experimental 
rather than com mercial conditions. It was frozen at sea within hours o f catching 
in 50 kg blocks and stored at — 30°C until required. The investigations were 
carried out on fish caught at two different times o f the year. The first batch was 
caught, and investigated using twenty-one judges in May 1979 (summer series) 
and the second batch in Novem ber 1979 (winter series) was judged by thirty- 
four assessors.

A  sufficient number o f fillets o f 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-centim etre squares from the middle part o f 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 
sam ples were cooked  to the same stage. Condiments were excluded during 
cook ing  to provide the optimum circumstances for assessors to discriminate 
betw een  different species.

C ook ed  samples were served immediately in identical, coded disposable 
w hite polystyrene containers. Taste panels were carried out either mid-morning



or m id-afternoon in purpose built tasting booths in a room separate from, but 
adjacent to the kitchen where samples were prepared. The assessors were 
m ainly fem ale hom e econom ics students who had no training in sensory assess
m ent o f  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 
w hether assessors could match unidentified coded samples o f plain cooked fish 
with nam ed fish samples. The m ethod is a variation o f one described by 
T hom pson etal. (1980).

T he 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 o f fish which had to be matched wih the named 
sam ples. T he coded samples could be two different species, or two samples of 
on e species (A B , A C , BC, A A , B B , CC). The three named types o f fish in each 
set w ere chosen on the basis o f similarities in the size and type o f fillet, and in the 
structure o f the muscle flakes. (Set 1 —  cod, ling and saithe; Set 2 —  haddock, 
whiting and blue whiting; Set 3 —  lemon sole, plaice and dab). A ll the nine 
possib le perm utations o f order for the coded samples within each set, as far as 
possib le, were presented an equal number o f times to the panel. The design 
allow s each species to be judged on two out o f three occasions on average, but 
the variations in sequence affect the exact number o f presentations around the 
average.

Paired preference test. The paired preference test is designed to determine 
which, if any, o f two products is liked more. Two samples were presented  
sim ultaneously to assessors who were asked to state which, if any, sample was 
preferred. A ssessors were allowed to make a ‘no preference’ response when 
they found they liked both samples equally. The two possible permutations of 
order o f sam ples (A B  and B A ) were presented equally in each test, the order of 
presenting the two perm utations being randomized.

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

Hedonic rating test. The hedonic rating test is suitable for use by untrained 
assessors to m easure their liking for specified sensory characteristics o f different 
foods.

T he 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 m uch) for the three organoleptic properties, appearance, texture and 
flavour (in that order), they then awarded a final rating for overall acceptability. 
A ssessors were only allowed to use unit marks. A  maximum of six samples were 
rated at each session and the order o f presentation o f samples was determined 
randomly.
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Statistical analysis o f results

T he results o f the matching and paired preference tests were expressed as 
levels o f significance, calculated from the appropriate tables of Roessler et al.
(1978). W hen considering the results from the paired preference test, the 
statistical significance o f 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 o f paired preference data (BSI 1980).

T he 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 o f 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 o f 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  
sam ples.

T he correlations between acceptability, flavour, texture and appearance were 
determ ined by carrying out a multiple regression analysis on the data using a 
com puter program which allowed various regression models to be tested for the 
purpose o f describing acceptability in terms of the other sensory characteristics. 
This analysis is exam ining 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

C ooked  sam ples o f 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 
assessm ents made by sensory panels on the ‘hardness’ of cod. The principle o f  
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. T he m ovem ent o f the plunger has a two fold action, it compresses the 
fish and also extrudes som e of it and the final reading therefore depends on both 
the resistance to com pression and the ease o f extrusion. Packing of the fish 
sam ples could not be absolutely standardized, therefore each species was tested 
seven times and the middle five readings were averaged to give the results 
quoted.

Results and discussion

T able 1 shows 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. T he results o f a matching test, w here nine fish species, arranged into three sets were 
evalua ted  by th irty-four assessors

N am ed  fish 
species

C oded  samples 
(n)

C orrect matches
(n)

C orrect matches
(% ) Significance

Set 1
C od 24 18 75 ***
Saithe 22 22 100 ***
Ling 22 18 82 * * *

Set 2
W hiting 20 17 85 ***
H addock 28 25 89 * * *

B lue whiting 20 17 85 * * *

Set 3
L em on sole 26 17 65 **

Plaice 19 12 63 *

D ab 23 13 56 *

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

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

T able 2 shows the results of a paired preference test where nine fish species 
w ere 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 o f the nine pairs o f samples, the more frequently eaten and 
expensive fish o f the pair had the greater number of preference responses. 
H ow ever, 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 som e assessors who usually 
indicated that their choices were not often based on very strong feelings about 
the sam ples. T he only exceptions to this were the definite reactions of dislike for 
the grey coloured appearance of saithe and, to a lesser extent, blue whiting.

T he nature o f the differences between species was investigated in detail in a 
series o f 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
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T able 2. T he results of a paired  preference test, w here nine fish species were evaluated by 
tw en ty -one assessors

Preferring each Preferring neither Positive
Fish pairs sam ple (n ) sample («) responses (% ) Significance

H addock 12 67 NS
W hiting 6 33

C od 9 50
NS

H addock 9
D 50

C od 10 63 NS
W hiting 6 38

C od 11 69
NS

Ling 5
D

31

C od 12 71
NSSaitne 5 29

W hiting 11 3 61 NSB lue w hiting 7 39

L em on  sole 13 7 93 * *
Plaice 1 7

L em on  sole 12 71
NSD ab 5 29

Plaice 14
3

82
D ab 3 18

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

that the order o f acceptability and flavour is identical, the order for acceptability 
and texture is very similar, and that that for acceptability and appearance is 
m ore varied. Secondly, for most fish species the scores for all characteristics are 
on the ‘like’ side o f neutrality. Lem on sole which rated highly for acceptability in 
the sum m er results, is rated very badly in the winter set. W e believe that this 
extrem e shift o f 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 o f D uncan’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 o f significance indicated, 
and it follow s from this that any species would be an acceptable substitute for 
any other species which either lies below it in the table o f ranked mean scores or 
which lies above it, but is grouped by the same bracket.

T he sm allest range o f scores in both summer and winter tests was for texture. 
T he tw o low est scores (ling, 3 .0 , and lem on 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. T he  m ean ratings arranged  in rank order for each sensory characteristic from a summer 
ra ting  tes t w ith tw enty-one assessors using a 5-point hedonic scale (1 =  like very m uch, 5 =  dislike 
very m uch). T he fish which are no t g rouped by the same bracket are significantly d ifferent for 
accep tab ility  a t the  1%  level

Consumer preferences for fresh white fish

R an k
o rd e r A ppearance Texture Flavour A cceptability

D uncan’s m ultiple 
range test on 
acceptability data 
1%  significant 
range

1 L em on sole W hiting Lem on sole Lem on sole
1.7 1.7 1.4 1.6

2 D ab H addock H addock H addock \

2 .0 1.8 1.8 1.9

3 W hiting L em on sole D ab D ab
2 .0 1.9 2 .0 2 .0

4 H addock D ab W hiting W hiting
2 .2 2 .0 2.3 2.1

5 C od 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

lem on sole in the winter tests being rather loose and sloppy. C ooked samples of 
each o f the nine species in the winter series were tested for hardness on a 
purpose-built fish Texturom eter (Main et al., 1972).

T he m ean readings (kg force) obtained from the machine tests are shown 
plotted  against the m ean panel scores for texture in Fig. 1. It can be seen that the 
m achine scores vary considerably from hard (9.7 kg force) for blue whiting to 
very soft (0 .9  kg force) for lem on sole, while the panel scores varied only by one  
point from like (1 .9) for whiting to neither like nor dislike (2.9) for lem on sole. 
T h ese results therefore establish that quite a wide range o f normal fish textures 
are acceptable to consumers and that texture alone is unlikely to be a major 
factor in determ ining overall acceptability. This result with fish is in contrast to 
that found with m ost other types o f 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, o f 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 o f 2.8 which consid
erably exceeds the spread for the other sensory characteristics. The spread is

6
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T ab le  4. T he m ean scores arranged in rank o rder for each sensory characteristic from a w inter 
ra ting  test w ith th irty-four to thirty-six assessors using a 5-point hedonic scale. The fish which are 
no t g rouped  by the sam e bracket are significantly different for acceptability at the 1% level

D uncan 's multiple 
range test on 
acceptability data

R ank 1%  significant
o rd e r A ppearance Texture Flavour Acceptability range

1 Plaice W hiting W hiting W hiting
1.4 1.9 1.8 1.8

2 C od Plaice Cod Cod
1.5 2.1 2 .2 2.1

1
3 D ab Cod Plaice Plaice

1.6 2 .2 2.3 2 .2

4 H addock D ab H addock H addock
1.8 2.3 2.4 2 .2

5 W hiting H addock Ling Ling
1.9 2.4 2.5 2.5

6 L em on sole Ling Blue whiting Dab
2 .0 2 .6 2.5 2 .6

7 Ling Blue whiting D ab Blue whiting
2 .1 2.7 2 .8 2.7

8 Blue whiting Saithe Saithe Saithe
2 .8 2.7 3.0 3.2

9 Saithe Lem on sole Lem on sole Lem on sole
3.8 2.9 3.4 3.3 J

largely due to the very low rating given to saithe and to a lesser extent, blue 
w hiting, both o f which have greyish coloured fillets. If the ratings for these 
species are excluded, the spread is only 1.0 and tends to indicate that appearance

4-0
7, 3-5
^  3-0 “ O
¡5 2-5 ■x

2-0 ♦o
Y 1-5
5  i-o

0-5
1 1 1 1 1

0 1 2  3 4
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ê

I .................
5 6 7 8 9 10

Force (kg)

F igure 1. T he relationship betw een the mean hedonic ratings for texture and the 
read ings from  the A berdeen  Fish T exturom eter, for the same samples of nine 
species. Panel -  1 =  like very m uch, 5 =  dislike very much, kg Force -  1 =  very soft, 
11 =  very hard. □ ,  C od; ■ ,  ling; A , saithe; ▲, haddock; o ,  whiting; • ,  blue whiting; 
O , lem on sole; ♦ ,  plaice; x ,  dab.
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Table 5. M atrices o f correlation  betw een the four sensory characteristics, based on the com bined 
m ean  ratings for all species.

C o rre la tio n  m atrices A ppearance Texture Flavour Acceptability

A*
A p p earan ce 1.00
T ex tu re 0.47 1.00
Flavour 0.42 0.78 1.00
A cceptab ility 0.67 0.83 0.93 1.00

B*
A ppearance 1.00
T ex tu re 0.50 1.00
Flavour 0.25 0.76 1.00
A cceptability 0.38 0 .8 6 0.96 1.00

*M atrix A  -  for seventeen sam ples (i.e. combining the eight sum m er and nine w inter results); 
M atrix  B -  for fourteen  sam ples (i.e. com bining seven sum mer and seven w inter results, but 
om itting  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 
m odel for describing the acceptability o f white fish could be identified which did 
not require texture scores to be included in the equation. The m odel showed  
that

A cceptability  =  0 .8  Flavour +  0.2 Appearance (approximately).

T he partial scores for each species were considered and it was evident that saithe 
and blue whiting showed som e divergence from the model. The analysis was 
therefore repeated after the om ission of the data from these two fish. Matrix B in 
T able 5 shows the correlation data obtained with the fourteen scores from fish of 
‘norm al’ w hiteness. This second analysis showed that appearance now made no 
significant contribution to overall acceptability which was now best described 
purely in terms o f flavour. T hese findings reinforce the previous conclusions that 
in term s o f their contribution to the overall acceptability o f fresh fish, texture is 
usually neutral, and appearance is either neutral or negative; the major factor in 
determ ining preference being flavour.

T he preference tests and matching tests involved twenty-one and thirty-four 
judges respectively, which is possibly too few to make a definitive conclusion, 
how ever, there is a strong indication from the results o f these experiments that 
consum ers are likely to be satisfied with fresh samples o f most white fish species. 
P eop le are certainly able to distinguish between them , mainly on the basis of
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flavour, and will express preferences, but the strength of the preference is not 
great and many species could be satisfactorily interchanged with one another 
w ithout causing adverse consumer reaction.

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

A . J. B O R D E R IA S , M. L A M U A  a n d  M. T E JA D A

Summary

In an attem pt to establish objective criteria for texture analysis as an effective 
substitute for organoleptic procedures, correlation between the results obtained  
by a panel o f  tasters and physical and chemical analyses o f texture was deter
m ined. In addition, regression equations relating instrumental and sensory 
m ethods were applied to predict sensory data from those obtained during instru
m ental analysis.

Introduction

In v iew  o f  the difficulties involved in obtaining comparative data through 
sensory analysis, it was felt that the use o f standard instruments to measure 
texture w ould be o f interest, as this would constitute a source of objective 
inform ation. H ow ever, it is often difficult to relate the physical measurement 
obtained  by m eans o f an instrument to any one or more o f the factors influencing 
the general sensory impression o f texture, because other properties which 
cannot be evaluated by instruments, such as smell and taste, can affect a 
person ’s judgm ent at the time o f tasting thus leading to results different from  
those expected . N evertheless, this relationship must be correctly understood in 
order to  be able to properly assess the significance o f physical measurements.

T he purpose o f the present study was, therefore, to determine which instru
m ental (objective) m ethods best correlated with sensory (subjective) impres
sions, w ith a view  to subsequent investigations to establish the mathematical 
relationship betw een the instrumental parameters and sensory criteria. Both  
fish fillets and minced fish were used in the tests.

A u th o rs ’ address: In s titu to  del Frio, C uidad U niversitaria, M adrid-3, Spain.

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

T he experim ents were performed using five different fresh fish species held for a 
m aximum o f 4 days in ice chosen at random from available market supplies: 
rainbow trout (Salmo irideus G ibb), sardine (Sardina pilchardus W albaum), 
conger ee l (Conger conger L .), horse mackerel ( Trachurus trachurus L .) and 
blue whiting (Micromesistius poutassou R isso). Skinned fillets and minced fish 
w ere tested , both raw and cooked.

T he fish were headed, gutted and skinned. Those intended for mincing were 
filleted and then m inced using a meat mincer with plate orifices 5 mm in 
diam eter.

A ll the sam ples were divided into portions o f 500 g, packed in aluminium foil, 
frozen in a plate freezer at -  40°C, and stored at -  25°C for the duration o f the 
experim ent (15 days).

Sensory methods

T he texture profile m ethod was used to determine the different sensory 
properties o f the fish to be correlated with the instrumental data.

Six panellists were selected from among the laboratory staff and trained in the 
basic concepts o f descriptive analysis and terminology. Several practice sessions 
w ere held until the individual ratings for the different properties showed general 
agreem ent.

A  sim ple 7-point scale was used. The trout muscle was assigned Point 4 and 
was taken as a reference point for comparing the flesh o f the other species 
tested. Every effort was made to ensure hom ogeneity in the trout samples used.

T he 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 
m ade 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 o f  hom ogeneity, the results exhibited less variation. A ll five differ
en t fish species were tasted at each session o f the panel.

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

(1) In itia l characteristics. The response to the properties of the material on 
the first bite.
W ateriness: the release o f 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 o f water released as in the trout; 7, much 
m ore water released than in the trout.
Firmness: the force required to compress the material between the molars or 
b etw een  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 o f the material to return to its original shape after deform a
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tion; this is judged by com pressing the substance slightly between the molars or 
betw een  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.
C ohesiveness: 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 o f the material 
after chew ing a few times:
H ardness: 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, 
m uch tougher than the trout.
Juiciness: the sensation o f a progressive increase o f free fluids in the oral cavity 
during m astication. 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 
chew ing.

Instrumental methods

T he instrumental analysis o f texture was performed using an Instron m odel 
1140 T exturom eter at room temperature (20 ±  2°C). For each species two 
different sets o f measurements were taken, each set consisting o f five replicates 
o f each test.

T he following parameters were tested:
Shearing: T he measurements were taken using a Kramer shear cell (Ksc) 
(K ram er, 1961) and a W arner-Bratzler cell (W Bc) (Bratzler, 1932) which 
com bine extrusion, com pression, and shear strength. Peak height was used as 
the m easure o f this parameter.
Com pression: The measurements were taken with a compression assembly. 
C om pression analysis was applied in order to obtain values for firmness, 
cohesiveness, and elasticity (Friedman, W hitney & Szczesniak, 1963; Henry et 
al., 1971), relaxation (Stanley, Pearson & Coxworth, 1971) and the modulus of 
elasticity (M oskowitz & Kapsalis, 1976). Juiciness was also evaluated by com 
pression by placing a sufficient amount o f filter paper on both sides of the sample 
to co llect the juice pressed out on application of a constant force o f 25 kg for 
1 min. The am ount o f 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).

Instrum ental tests were applied to both raw and cooked samples which were 
m ore 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 
o f  raw fillets and m inced fish were cut out tempered in order to obtain more 
uniform pieces. The cooked  minces had adequate consistencies for handling,

Texture offish
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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 W Bc, shearing was 
perpendicular to the direction o f alignment o f the myotom es. In the puncture 
tests the sam ples were attached as described by Kulwich, Decker & Alsm eyer 
(1963).

T able 1. Instrum ental analysis : geom etry of samples

In s trum en ta l analysis Fillets M inced fish

S hear strength  
(Ksc)

S hear streng th  
(W Bc)

P u n c tu re  test

F irm ness

C ohesiveness

E lasticity

M odulus o f elasticity 

R elaxation

Two parallelepipeds m easuring 
0.84 x 6.5 cm

Two parallelepipeds m easuring 
0.84 x 1 x 6.5 cm

C ylinder m easuring 5 cm in 
d iam eter x 0.84 cm in height

C ylinder m easuring 1.2 cm in 
d iam eter x 0.84 cm in height

Juiciness

Two parallelepipeds m easuring
1 x 1 x 6.5 cm

Two parallelepipeds measuring 
1 x 1 x 6.5 cm

Cylinder m easuring 5 cm in 
d iam eter x 1.77 cm in height

Cylinder m easuring 2.5 cm in 
d iam eter x 1.77 cm in height

Cylinder m easuring 2.5 cm in 
d iam eter x 0.84 cm in height

T able  2. Instrum ental testing conditions

Cross-head
Ins trum en ta l Sample speed C hart speed No. o f cycles
analysis A ttachm ent deform ation (m m/min) (m m/min) of cross head

S hear streng th Ksc Full shear 80 80 1
S hear streng th W Bc 100 100 1
P u n c tu re  test F lat-ended Full 80 80 1

punch 0 .8  cm 
in d iam eter

penetration

Firm ness C om pression Fillets: 50 400 1
assembly 0.25 cm (30% )
5.7 cm in M inced:
d iam eter 0.5 cm (30% )

C ohesiveness i ? 50 400 2
E lasticity » ? 50 400 2
M odulus o f , , > J 50 400 2
elasticity
R elaxa tion C onstant force 

of 25 kg for 
1 min

50 400 1

Ju iciness ? 5 50 400 1
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T able 1 shows the geom etry o f  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 o f the test 
conditions.

Hydroxiproline assay

H ydroxiproline levels in the muscle tissue were determined according to the 
m ethod  o f  Leach (1960) as an indicator o f the relationship between the hardness 
and the am ount o f connective tissue.

Statistical methods

L et x[/k be any o f the values, 1, obtained using a given instrumental test, i, 
applied to a species o f fish, k, treated by a given processing technique, j.

T he variable x,jk can then be defined as the mean o f the values l thus obtained:

£  x i j k i  
i = l

x i j k  = ----------------
Q

Similarly, a number o f values, /', were obtained for the same batch o f the 
sam e fish species, k  treated in the same manner, j ,  from sensory ratings by a 
panel o f  tasters o f the organoleptic properties, i ' , previously discussed, yielding 
the variable yVjkl,.

T herefore, for every value o f xijk there is a number (q')  o f corresponding 
values o f  ykjk ; and the number o f elem ents comprising each statistical sample is 
thus N =  p  x  q ' .

It was assum ed that for each xijk the distribution o f the corresponding values 
o f yrjkl, follow s the pattern described by

N  [Pxijkt ° 2 = constant]

T he 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 o f significance are presented in Table 4. 
D efin itions o f  the notation em ployed are given at the foot o f this table.

T he linear regressions of yvw, on xijk were calculated using the least squares 
m eth od , and the goodness o f fit was calculated using Snedecor’s F-test.

Results and discussion

T able 3 shows the m eans o f the results obtained by the instrumental analyses 
together with the coefficients o f 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 W B c than in the Ksc tests, which indicates less replication o f results.

N o n e  o f 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 o f fish.

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

T he reason for this may be that this m ethod has usually been applied only to 
sem i-solid  foods (Friedman et al., 1963, Henry et al., 1971), and minced fish 
could  be considered to belong to this category. H owever, when applying this 
com pression m ethod to an item with a layered structure like fish fillets, the 
m yotom es layers tend to slide away from the force o f com pression, thus making 
it im possible to reproduce the analysis results in different tests.

Correlation analyses

T he degree o f significance o f the correlation between the sensory and instru
m ental m ethods is represented in Table 4 as follows: **** =  0.5% , *** =  1%, 
** =  2 .5 % ,*  =  5%.

T he relevant correlation coefficients were calculated only for those tests 
perform ed 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 
o f fish m ince showed the highest correlation to the sensory data. The correlation  
o f the values from instrumental measurements of firmness was similar for both 
co o k ed  and raw minces.

T he correlations betw een the instrumental and sensory tests were lower for 
fillets than for m inced fish, and only those obtained for cooked fish using the Ksc 
and for raw fish using the W Bc were found to be significant.

T he low correlation for fillets and mince between the shear strength measured 
by a W Bc and the sensory data had previously been found by Deatherage & 
G arnatz (1952) and Szczesniak & Torgenson (1965) in experiments on meat. 
Later, P ool & K lose (1969) reported that this might be caused by distortion of 
the m uscle fibres during cutting.

T he better correlation results obtained using the Ksc as compared with those 
obtained  using the W B c, was observed in meat by Pearson (1963), who sug
gested  that this might be due to the fact that the Ksc comprised several blades 
com pared to the single blade in the W Bc. Tests run in the Ksc take measure
m ents for several different cuts in different parts of the sample, making such 
m easurem ents m ore reliable.
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B osund & B eckem an (1972) found a high level o f correlation between sensory 
tests and instrumental analysis performed using the standard shear cell o f an 
A llo-K ram er shear press in the case o f fish. H owever, the instrumental analysis 
carried out by these authors used fish dismembered in a shaker, a material more 
like fish m ince than whole fish. A s would be expected, their results were 
therefore closer to those obtained by the authors for the fish mince. Patasnik 
(1980) also found no correlation betw een shear strength analysis and sensory 
tests conducted on fish fillets.

O n the other hand, G ill, Keith & Lall (1979) did find som e correlation 
b etw een  hardness measured by sensory tests and using a modified Ksc, although 
the correlation was not particularly pronounced.

Hinnergardt & Tuom y (1970) stated that puncture showed good correlation  
as a measure o f hardness and that this m ethod could afford certain advantage 
over the shear test because it is less destructive.

W ith regard to firmness as measured by com pression, 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 & 
Sm ith (1963) found no correlation.

T he 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 
cook ing as can be seen from Table 3.

Cohesiveness (sensory test) versus instrumental analysis

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

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

T he closer correlation found for the puncture and firmness tests in the cooked  
m inces may result from change in the cohesive forces between the particles of 
the m ince 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 o f 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 o f 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

T here was closer correlation between sensory ratings of wateriness and instru
m ental m easurem ents o f juiciness in the raw mince. H owever, the correlation 
b etw een  the sensory perception o f juiciness and instrumental analysis o f juici
ness was closer after the mince had been cooked.

T able 5. H ydroxiproline analysis

H ydroxiproline (mg of sample)

Species x* c v t

T ro u t 0.407 1 .2 %
S ardine 0.167 4.5%
C onger 0.560 3%
H o rse  m ackerel 0.266 5%
B lue w hiting 0.441 5.9%

*M ean  o f th ree  replicates. 
tC V  =  coefficient o f variation.

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

T he percentage o f connective tissue for each species is indicated in Table 5.
T he 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 et al. (1972) and Shimokomaki, Elsden & Bailey (1972). These authors 
considered that the type o f cross-links in the connective tissue was more 
im portant than the total amount o f this tissue.

M oreover, it is natural that the correlation should be closer in the fillets than 
in the m inces, 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 com pletely broken down, so it has very little effect on the 
texture.

Regression analyses

T he regression analyses carried out all showed that linear regression pro
duced m ore accurate predictions than exponential regression. It follows that, 
according to the experiments conducted by Stanley (1976) on meat, when 
dealing with m yosystem s it would probably be necessary to resort to multiple 
regressions o f data obtained using several different instrumental m ethods in 
order to be able to make reliable predictions o f the textural properties o f the 
product being studied.
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Conclusions

(1) In fish fillets, no significant correlation was found between any o f the indices 
obtained  from the instrumental analyses and the results o f sensory taste tests.
(2) In the fish m inces, significant correlations between the results o f instru
m ental analysis and taste evaluations were found for the following aspects: 
betw een  hardness as determined using the Ksc and the sensory perception of 
firm ness in cooked  m ince, 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 o f cohesiveness in uncooked mince; between the sensory percep
tion o f elasticity and the elasticity index and modulus o f elasticity in raw mince; 
and betw een wateriness and the instrumental analysis o f juiciness in raw mince, 
and betw een the evaluation o f juiciness by tasters and the instrumental juiciness 
index in cooked  mince.
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Alternative sweetening of yoghurt

L E A  H Y V Ò N E N  a n d  M A R IA  SLOTTE

Summary

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

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

A ll the sweeteners used were suitable for sweetening o f yoghurt after incuba
tion. H ow ever, saccharin could be used only when mixed with xylitol to cover its 
disturbing bitter aftertaste when used alone.

Sw eeten ing with sorbitol prior to incubation was problematic. To obtain a 
suitable sw eetness o f the yoghurt 15% of sorbitol had to be added. This amount 
retarded the growth o f 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. 
H ow ever, its use was possible in com bination with sucrose. Xylitol proved to be 
a good  yoghurt sweetener for pre-incubation sweetening, in spite o f a slight 
retarding effect on the growth o f the bacteria. At 8% concentration, which was 
the m ost preferred, the retarding effect o f xylitol was negligible.

Introduction

A  sw eetened  yoghurt with a flavour, fruit or berry addition is a popular snack 
and dessert. Sucrose is the com m only used sweetener in yoghurt. It may be

Authors' address: Department of Food Chemistry and Technology, University of Helsinki, 
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added either prior to pasteurization of the yoghurt milk or simultaneously with 
the addition o f fruit or flavouring (Humphreys & Plunkett, 1969).

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

Materials

M anufactured plain yoghurt (Kotisaari O y) 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.

T he following sweeteners were used. Sucrose: purity, 99.9% ; ash, 0.001% ; 
m oisture, 0.003% . Fructose: purity, 99.5% ; ash, 0.0014% , moisture, 0.04% . 
Finnish Sugar C o ., H elsinki, SF.— Xylitol: purity, 99.8% ; ash, 0.001% ; 
m oisture, 0.05% . Sorbitol: purity, 96.0% ; ash, 0.004% ; moisture, 0.28% . 
Sokerikem ia O y, K otka, SF.— Na-cyclamate: DAK -63; and Na-saccharin: 
P h .N o rd ., A podan, Kastrup, DK . Vanilla Natural (Givaudan Duebendorf 
Ltd) was used as flavour.

T he following media were used for microbiological quality control o f yoghurt 
by plate count: V iolet red bile agar (D ifco), Malt agar (D ifco), Plate count agar 
(O xoid ) and Soya peptone (O xoid).

P r e p a r a t io n  o f  p r e - s w e e te n e d  y o g h u r t

Pre-sw eetened yoghurt varieties were prepared in the laboratory in a way 
resem bling the factory production as much as possible. Samples were prepared 
in sterilized 1 litre Erlenm eyer flasks covered with aluminium foil. Sweetner, 
pasteurized and evaporated milk (dry matter 13%) and vanilla flavour were 
m easured 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 o f the 
unsw eetened  reference was at least 38 Soxhlet-H enkel degrees (°S-H). Then the 
flasks w ere cooled  in an ice bath for 1 hr. A fter cooling the yoghurt samples were 
stored in the cold room (5°C) overnight. The yoghurt varieties could be analysed



on the following day. The analysis o f 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

A c i d i t y  m e a s u r e m e n ts

T he m easurem ents o f pH and titratable acidity were made immediately after 
each other. T he pH was measured with a laboratory pH meter, Radiometer 
PHM  61. T he titratable acidity o f a 50 ml sample o f yoghurt was determined by 
using 0 .25N N aO H  as alkali and 2 ml 2% phenolphthalein in alcohol as the 
indicator. The results are expressed as °S-H (Soxhlet-H enkel degrees) which are 
the num ber o f ml of 0.25 n  NaO H  required to neutralize 100 ml yoghurt, and are 
convertible to percent lactic acid by dividing 44.4.

V is c o s i ty  m e a s u r e m e n t

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

S e n s o r y  e v a lu a tio n

The m ost preferred sweetness level of every sweetener was determined by a 
rank order test. The judges were asked to arrange four vanilla flavoured yoghurt 
sam ples sw eetened with different amounts of the same sweetener in preference 
order. T he alternative concentrations were as follows: 6, 8, 10 and 12% by 
weight for sucrose; 6 ,8 ,1 0  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.

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

M ic r o b io lo g ic a l  a n a ly s is

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

Coliform s were counted on violet red bile agar (D ifco) after incubation at 
35°C for 24 hr.

Y easts and moulds were grown on malt agar (D ifco) 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). A ll the plates, with less than 300 colonies, were counted. The weighted  
m ean was used when calculating the number o f bacteria per millilitre.
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S to r a g e  s ta b ili ty

A ll 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 exam ined by the same m ethods as the fresh yoghurt.

Results and discussion

S e le c t io n  o f  c o n c e n tr a tio n  o f  sw e e te n e rs

T he data o f the rank order tests for the selection o f 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 o f 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 o f each sweetener.

E f fe c ts  o f  d i f fe r e n t  sw e e te n e r s  o n  th e  q u a lity  o f  y o g h u r t

A c id i t y .  The pH values o f the post-sweetened and the corresponding pre
sw eetened  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

Sweetener
The most preferred 
concentration (% )

Sucrose 8
Xylito l 8*
Fructose 7*
Sorbitol 15*
Cyclamate 0.07*
Saccharin 0.010 and 0.015

* Significantly superior ( P  <  0.05).
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The sw eeteners had hardly any effect on the sourness o f the post-sweetened  
varieties. The fresh pre-sweetened varieties differed from each other in acidity. 
T he m ost exceptional was the sorbitol yoghurt, the pH o f which was 6.8. It was 
not soured at all. During storage for 2 weeks at 5°C the pH o f the yoghurt 
varieties was lowered by 0 .05-0 .25 pH units.

Viscosity. V iscosities o f both the pre- and post-sweetened yoghurt types 
before and after storage are given in Table 2.

B efore storage the viscosity o f the post-sweetened yoghurt varieties was the 
sam e in all except sorbitol yoghurt, which was lower. After storage the viscosities 
o f the different yoghurt varieties varied slightly, but the viscosity o f sorbitol 
yoghurt was still the lowest.

T he viscosity o f the pre-sweetened sorbitol yoghurt was significantly lower 
than that o f the other varieties. During storage the viscosities of all the yoghurt 
varieties with the exception o f sorbitol sweetened were lowered. A  possible 
explanation for the phenom enon might be breakdown of the precipitated 
proteins in the sour yoghurt samples. A t pH 4.6 the precipitation is com plete 
(H um preys & Plunkett, 1969), hence the pH 6.6 of the stored sorbitol yoghurt 
was still too high for the formation of coagulum.

Sensory properties. D ata on the sensory analysis o f appearance, texture and 
flavour o f the post-sw eetened yoghurt type are shown in Fig. 1 and the corres
ponding data on the pre-sweetened yoghurt are shown in Fig. 2. The post- 
sw eetened  varieties did not differ in appearance or in texture. They were 
regarded as good in both characteristics before storage. A fter 2 w eeks’ storage

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

Yoghurt type and variety pH
Titratable acidity 
(°S-H)

Viscosity*!
(cP)

Post-sweetened 2/16 days 
8%  Sucrose 4.1/3.95 43.8/54.5 459/459
8%  Xy lito l 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%  X y lito l + 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%  Xylito l 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%  Xylito l + 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). 
tO n ly  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, X y l = xylitol, Fru = fructose. Sor = 
sorbitol, Cycl = cyclamate, Sacch = saccharin. ■, Before storage (2 days); □ , after 
storage (16 days).
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8 % Sue 8 % Xyl 7% Fru 15% Sor 0-07%Cyc! 4%Xyl + »007% Sacch

Figure 2. Mean scores for appearance, texture and flavour of the pre-sweetened 
yoghurt before and after storage. Sue = sucrose, Xy l = 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 w hose appearance scores were lower than good after storage.

T he m ean flavour scores for the different varieties differed more from each 
other. T he highest score was given to the flavour o f the fructose yoghurt and the



low est to the cyclamate yoghurt, which was considered to have an oxidized 
taste. Som e judges noted a slight aftertaste in the sorbitol yoghurt and some 
regarded the tastes o f the xylitol and the xylitol-saccharin varieties as abnormal.

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

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

A fter 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 o f the sorbitol yoghurt.

T he texture o f 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.

B efore storage the flavour o f the sucrose yoghurt was superior and that of 
sorbitol yoghurt inferior to the others, which were regarded as at least satis
factory. T he taste o f the sorbitol yoghurt was non-typical, cooked and very 
sw eet because no acid was formed in the product.

A fter two w eek s’ 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. T he 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 w eeks’ storage.

Microbiological quality. The total bacterial counts including the yoghurt 
bacteria o f the post-sw eetened yoghurt varieties before and after storage and 
the num ber o f coliform s, yeasts and moulds are given in Table 3.
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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 10“) Coliforms Yeasts Moulds

Yoghurt variety Before After Before After Before After Before After

8% Sucrose 1.5 5.7 0 2 0 0 0 0
8% Xylitol 1.8 5.5 0 0.3 0 0 0 0
7% Fructose 3.3 7.9 0 0.5 0 0 0 0.3
15% Sorbitol 2.5 3.5 0 0 0 0 0 0
0.07% Cyclamate 
4% Xylitol +

2.6 3.7 0 0 0 0 0 0

0.007% Saccharin 3.0 4.0 0 0 0 0 0 0
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T he 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 sw eetener used. The number of undesirable organisms, coliforms, yeasts 
and m oulds was very low in the post-sweetened yoghurt type.

T he total bacterial counts of the fresh pre-sweetened yoghurt type were equal 
to the post-sw eetened yoghurt, with the exception of sorbitol yoghurt which 
contained only 2 .0  x  10s organisms/ml (Table 4).

D uring 2 w eek s’ storage at 5°C the total number of bacteria increased slightly 
in m ost o f the pre-sweetened varieties. The increase was greatest in the sorbitol 
yoghurt. H ow ever, even after storage the total number o f bacteria in the 
sorbitol yoghurt remained lower than in the other varieties. In the pre- 
sw eetened  xylitol yoghurt the total bacteria number did not increase during 
storage. T hese two effects probably reflect the unsuitability of these sugar 
alcohols for the nourishment o f 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 1.5 x 108 4.2 x 108 0 0 0 0 0 0
8% Xylitol 2.2 x 108 1.9 x 108 0 1.3 0 0 0.3 0
7% Fructose 2.3 x 10s 2.5 x 108 0.5 0 0.3 0 0.8 0.5
15% Sorbitol 2.0 x 105 6.0 x 107 32 60 25 0 0 0.3
0.07% Cyclamate 
4% Xylitol +

4.3 x 108 4.8 x 108 0 0 0 0 0 0

0.007% Saccharin 2.3 x 10“ 3.1 x 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 w eeks’ storage means either 
that the temperature o f 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 
w ere 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 
slow ly at the cold room temperature.

T he number o f coliform bacteria and yeasts was exceptionally high in the 
pre-sw eetened , non-soured sorbitol yoghurt. In the other pre-sweetened  
varieties the number o f 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

Yoghurt 
(m  Xylitol)

pH
Titratable acidity 
(°S-H) Viscosity (cP)*

Before After Before After Before After

Post-sweetened
0.165 3.85 3.85 51.0 53.8 513“ 393“
0.330 3.90 3.85 53.0 54.8 524a 371“
0.495 3.85 3.85 51.5 52.8 513“ 360“
0.659 3.85 3.90 50.0 52.6 524“ 393“
0.824 3.85 3.90 50.5 52.0 524“ 338“

Pre-sweetened
0.165 4.05 3.85 45.0 49.9 873c 753c
0.330 4.10 4.00 42.0 46.0 950e 862c
0.495 4.25 4.15 39.0 41.6 797d 830c
0.659 4.30 4.25 35.0 39.0 742d 830c
0.824 4.55 4.40 30.0 34.2 677d 710C

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

Effects o f  different concentrations o f xylito l and sorbitol on the quality o f 
yoghurt

T he effects o f 0 . 1 6 5 ,  0 . 3 3 0 ,  0 . 4 9 5 ,  0 . 6 5 9  and 0 . 8 2 4 m  xylitol and sorbitol were 
studied.

Acidity. T he pH values o f 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.

X ylito l in the concentrations o f 0 .165-0.824 m  had no effect on the acidity of 
the post-sw eetened  yoghurt. In the pre-sweetened yoghurt a slight but clear 
decrease in acidity could be noted as the xylitol concentration was increased. 
D uring storage a slight post-souring had occurred.

T he pH values o f the post- and pre-sweetened yoghurt types sweetened with 
different am ounts o f sorbitol and the corresponding titratable acidity are given 
in T able 7.

Increasing sorbitol concentrations seem ed to have a very slight if any effect on 
the acidity o f the post-sw eetened samples. On the other hand, the effect o f  
increasing concentrations of sorbitol on the pre-sweetened yoghurt type was 
drastic. The pH values o f 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 o f sorbitol was that o f 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

Yoghurt type 
(M xylitol)

Total bacteria Coliforms Yeasts Moulds

Before After Before After Before After Before After

Post-sweetened
0.165 2.5 X  10a 5.1 X 108 0 0.3 0 0 0 0.3
0.330 1.8 X  108 4.8 X 108 0.5 0 0 0 0 0.8
0.495 1.7 X  108 5.4 X 108 0 0.3 0 0.3 0 0.5
0.659 1.5 X  108 5.7 X 108 0 0 0 0 0 1.5
0.824 8.8 X 107 4.7 X 108 0 0.3 0 0 0 0.5

Pre-sweetened
0.165 5.3 X  10s 2.7 X 108 0 0 0 0 0.5 0.3
0.330 5.5 X  108 1.9 X 108 0 0 0 0 0.8 0
0.495 4.8 X  108 1.6 X 108 0 0 0 0 2.0 0
0.659 4.6 X  10s 1.0 X 108 1.0 0.8 0 0 1.0 0.5
0.824 3.8 X  108 7.7 X107 0.3 0.3 0 0 0.8 0

Viscosity. T he data on the viscosity of the xylitol sweetened yoghurt are given 
in T able 5.

T he viscosities o f the post-sw eetened yoghurt varieties, although containing 
different amounts o f xylitol, were almost similar. After 2 w eeks’ storage the 
viscosity was decreased and the values were more diverging, but the differences 
w ere insignificant (P < 0 .0 5 ) .  The viscosity of the pre-sweetened yoghurt 
steadily decreased as the concentration o f xylitol increased.

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

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

T he highest number o f total bacteria was found in the post-sweetened yoghurt 
with the low est concentration o f xylitol. The difference may be due to the 
dilution effect o f the growing proportion o f the added xylitol. A fter storage the 
total bacteria count was increased and independent o f the xylitol concentration 
used. The number o f undesirable organisms was low.

T he difference in the total bacterial counts between the pre-sweetened xylitol 
yoghurt varieties were o f the same magnitude as in the post-sweetened varieties. 
T he total bacteria counts o f the pre-sweetened yoghurt decreased during 
2 w eek s’ 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)

PH
Titratable acidity 
(°S-H) Viscosity (cP)*

Before After Before After Before After

Post-sweetened
0.165 3.80 3.80 54.2 58.0 633a 437b
0.330 3.90 3.80 50.2 57.6 775a 524b
0.495 3.90 3.80 50.0 54.8 677a 61 Ia
0.659 3.90 3.80 50.8 54.8 666a 480b
0.824 3.90 3.80 48.4 53.4 688a 600a

Pre-sweetened
0.165 3.95 3.95 47.0 55.4 1059e 972e
0.330 4.00 4.05 43.6 53.0 1168e 1081e
0.495 6.45 6.70 8.7 6.0 120d 87d
0.659 6.85 6.85 4.6 4.8 131d 120d
0.824 6.90 6.90 4.6 4.8 13 ld 98d

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

yoghurt. Num bers o f coliform s, yeasts and moulds were also low in the pre
sw eeten ed  yoghurt.

T he data on the microbiological analyses of the yoghurt samples post- and 
pre-sw eetened  with different amounts o f 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)

Total bacteria Coliforms Yeasts Moulds

Before After Before After Before After Before After

Post-sweetened
0.165 3.8 X 10" 4.8 X  10“ 0 0 0 0 0.5 0
0.330 3.4 X  10“ 4.6 X  10“ 0 0 0 0 0.3 0.3
0.495 3.9 X  10" 3.8 X  10" 0 0 0 0 0 1.8
0.659 4.2 X  10“ 4.0 X  10“ 0 0 0 0 0.3 0.8
0.824 4.1 X  10" 3.3 X 10" 0 0 0 0 0.5 1.5

Pre-sweetened
0.165 2.6 X  10“ 2.0 X  10“ 0 0 0 0.3 1.3 0.5
0.330 2.3 X  10" 2.3 X  10* 0 0 0 0 0 0.3
0.495 2.0 X 105 4.8 X  104 0 0 0 0 0 0
0.659 < 1 X 105 1.0 X  104 0 0 0 0.3 0.3 0
0.824 4.0 X  104 1.0 X  103 0 0 0 0 0.3 0.3
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N o  significant differences were noted in the total bacteria counts of the 
post-sw eetened  sorbitol yoghurt varieties either before or after storage. The 
post-sw eetened  yoghurt contained som e moulds but no coliforms or yeasts. The 
yoghurt sam ples were presumably contaminated during the addition o f sorbitol.

T able 8 shows a normal total bacteria count in the pre-sweetened sorbitol 
yoghurt sam ples with the two lowest concentrations o f sorbitol, whereas the 
counts in the following higher sorbitol concentrations were significantly lower 
( s £  2 .0  x  10s organism s/m l). During 2 w eeks’ storage the total bacteria in the 
latter sam ples decreased significantly. Som e yeasts and moulds were found in 
the pre-sw eetened sorbitol yoghurt, but the number was very low.

Lea Hyvonen and Maria Slotte

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 
com binations o f 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 o f yoghurt could be prevented, but as negative if the 
inhibitory effect was so great that appearance, texture or flavour was no longer 
typical o f  yoghurt.

T he com binations 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 
possib le. T he dry matter added into the yoghurt as sweetener was maintained 
constant. T he 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. T he sorbitol-sucrose com binations 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 o f xylitol-sucrose and sorbitol-sucrose sweetened yoghurts. The pH  
and titratable acidity o f the xylitol-sucrose sweetened yoghurt are given in 
T able 9.

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

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

T he yoghurt containing 6% sorbitol showed incipient growth inhibition. 
W hen the sorbitol concentration o f the yoghurt was 7% , the pH of the product 
was significantly higher (4.75) than the normal pH o f yoghurt. A t 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

Pre-sweetened 
yoghurt variety

pH
Titratable acidity 
(°S-H) Viscosity (cP)*

Before After Before After Before After

2% Sucrose 
6% Xylitol

4.25 4.00 40.5 44.6 61 la 61 la

4% Sucrose 
4% Xylitol

4.20 3.95 42.0 45.2 72 lb 600a

6% Sucrose 
2% Xylitol

4.15 3.90 43.6 46.8 72 lb 600a

8% Sucrose 4.10 3.90 46.8 49.8 677b 655a
6% Sucrose 
4% Sorbitol

4.10 3.90 39.0 44.9 917c 633d

4% Sucrose 
6% Sorbitol

4.30 4.20 34.4 35.7 873c 666d

3% Sucrose 
7% Sorbitol

4.75 4.45 25.8 28.4 622d 459e

2% Sucrose 
8% Sorbitol

6.00 5.20 11.4 22.8 120e 175f

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

D uring three w eek s’ storage at 5°C all the sorbitol-sucrose varieties were 
soured m ore, but only the com bination of 6% sucrose and 4% sorbitol produced  
the norm al yoghurt acidity (Table 9).

Viscosity o f xylitol-sucrose and sorbitol-sucrose yoghurts. The viscosities of 
the xylito l-sucrose and sorbitol-sucrose sweetened yoghurt varieties are given 
in T able 9.

T he viscosity o f the fresh yoghurt containing 6% xylitol was lower than that of 
the other xylitol-sucrose yoghurt varieties or the reference yoghurt. A fter 3 
w eek s’ storage at 5°C there was no significant difference between the viscosities 
o f the different varieties.

T he viscosities o f the sorbitol-sucrose sweetened yoghurt varieties containing 
4 or 6% o f sorbitol did not differ from the viscosity o f the sucrose reference 
(P <  0 .05). T hose varieties that contained 7 or 8% of sorbitol had a significantly
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6%  Xy I 4 % X y l 2% Xyl 8%Suc 
2 % Sue 4 % Sue 6%  Sue

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. ■, Before storage 
(2 days); □, after storage (23 days).

lower viscosity than any o f the others. The viscosities o f the sour samples were 
low ered during storage.

Sensory evaluation. The data on the sensory evaluation o f the pre-sweetened  
xylito l-sucrose yoghurt varieties are shown in Fig. 3.

T he appearance o f the yoghurt varieties containing both xylitol and sucrose 
and also the pre-sweetened sucrose reference was considered to be satisfactory. 
Form ation o f whey was often m entioned as a fault in the appearance o f all the 
xylito l-sucrose varieties.

T he texture o f the xylitol-sucrose varieties as well as that of the sucrose 
reference was judged to be fairly good. N o significant differences were noted  
betw een  the varieties.

T he flavour o f 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 o f poor flavour and insufficient sourness.

T he 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 o f whey and formation o f gas bubbles in the yoghurt.

A fter 3 w eek s’ 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.

T he m ean 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 w eeks’ 
storage at 5°C did not change the mean texture scores significantly.
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8%  Sor 7%  Sor 6%  Sor 4%  Sor 10% Suc 
2%  Suc 3% Suc 4% Suc 6%  Suc

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 o f sorbitol in the sorbitol-sucrose com binations 
the m ean flavour scores o f these yoghurt varieties increased.

T he flavour o f the sorbitol-sucrose varieties was considered to have improved  
during storage. H ow ever, 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 o f 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 in good correlation. The changes in 
acidity were accom panied 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.

T he sw eetening o f yoghurt after incubation succeeded well with any o f the 
sw eeeteners (fructose, xylitol, sorbitol, cyclamate, xylitol-saccharin) without 
marked deterioration o f any quality characteristic. The sweetening o f yoghurt 
with sorbitol before incubation proved impossible. The product produced had 
no characteristics typical o f yoghurt. The amount of sorbitol (15% ) needed to 
obtain a suitable 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 
sw eetener had som e inhibiting effect on bacterial growth. A t the 8% concentra
tion needed  for sweetening, the inhibiting effect of xylitol was not appreciable.
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T he inhibiting effect o f sorbitol on the growth of bacteria in the pre-sweetened  
yoghurt began to affect the properties o f the product at the concentration of 
7% . T he yoghurt with 7% of sorbitol was not sufficiently sweet. Therefore 
sorbitol is not suitable for sweetening o f yoghurt before incubation, but it 
succeeded  in com bination with sucrose. For example the pre-sweetened  
yoghurt containing 4% sorbitol and 6% sucrose did not differ from the sucrose 
sw eeten ed  reference.
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Dehydration of carrots

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

G . M A Z Z A

Summary

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

Introduction

E ven  with the developm ent o f newer drying techniques, most vegetables are still 
air dried because this m ethod o f dehydration is still the simplest and most 
econom ical. M ajor problem s associated with air dehydration are the consider
able shrinkage caused by cell collapse following the loss o f water, the poor 
rehydration characteristics o f the dried product, and the unfavourable changes 
in colour, texture, flavour and nutritive value caused by drying.

A  num ber o f authors have suggested pre-drying treatments o f solid food  
m aterials as a m eans to both improve product quality and reduce product water 
load to  the dryer. Karel & Flink (1978) and Flink (1980) have reported the 
results o f  studies on concentration o f carrots in mixed lactose-salt and sucrose- 
salt system s. H aw kes & Flink (1978) have reported on the effectiveness o f mixed  
carbohydrate systems for osm otic concentration o f apple slices. Speck, Escher 
& Solm s (1977), Curry, B um s & H eidelbaugh (1976), Neum ann (1972) and 
others have shown that treatment o f sliced vegetables with sodium chloride, 
sugars and glycol prior to dehydration improves rehydration, colour, texture 
and flavour o f the finished product.
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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. A lzam ora & Chirife (1980) reported that blanching and freezing had little 
influence on the drying rate o f avocado.

T he aim o f 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 o f moisture m ovem ent during carrot cubes 
dehydration and on finished product quality.

Materials and methods

T he dehydration equipment and experimental method have been described in 
detail in a previous paper (Mazza & LeM aguer, 1980). Therefore, only modifi
cations are presented here.

T he carrots, ‘Spartan Fancy’, were washed, mechanically peeled and diced 
into 0.95 cm cubes. The cubes were then treated in the following ways:

(1) O ne part o f carrots was blanched in three parts o f boiling water for 3 min and 
im m ediately cooled  in ice water.
(2) Carrots which were treated as described under (1) were dipped additionally, 
after cooling, into 1% sodium bisulphite solution for 1 sec.
(3) Carrots which were treated as described under (2) were dipped, after 
draining for 3 -4  min, into a 2.5%  waxy maize starch (C ol-F lo 67) or corn starch 
(M elojel) 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.

A ll sam ples were dehydrated in a Vibro Fluidizerat50°C , 8.1 nri/min airflow  
rate and at a loading ratio o f 16 kg/m 2 o f drying area.

D rying curves were determined by periodic weighing o f 5% of the mass of 
carrots in the dehydrator and by graphical integration o f the thermograms. The 
carrot subsam ple 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. T he shrinkage o f the carrot cubes after various times of drying was 
determ ined from specific volum e measurements by the displacement o f toluene.

The equilibrium moisture contents (Ae) o f carrots treated as described under 
(4) were determ ined by placing subsamples in vacuum desiccators containing 
saturated salt solutions which give different constant relative humidities (R ock
land, 1960). T he desiccators were kept at constant temperature until equilib
rium was reached. The time required for the samples to reach equilibrium varied



w ith the relative humidity and the temperature. By plotting the moisture 
con tent o f  the samples, expressed in kg water/kg dry solids versus water activity 
Caw), the desorption isotherms were obtained. To obtain adsorption isotherms, 
the carrots treated as described under (4) were first freeze dried and then placed 
into atm ospheres o f water activity range 0.11 =£ a,K =s 1.00 and kept there until 
equilibrium  was reached. The moisture content o f the samples, expressed again 
as kg water/kg dry solids, was plotted versus a^.

Rehydration o f dehydrated carrots was measured in distilled water at 25°C. 
Five grams o f  dehydrated carrots were added to 150 ml o f distilled water in a 
250 m l beaker, m ixed thoroughly and allowed to re hydrate for various lengths o f  
tim e. A t the end o f the rehydration period the carrot cubes were filtered off 
using a N o . 4 W hatman 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).
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Results and discussion

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

Figure 1. Rate of dehydration of raw, freeze thawed, blanched, blanched and 
NaHS03 and blanched, NaHS03 and starched carrot cubes at 50°C and 8.1 m3/min air 
flow rate, • ,  Blanched, NaHS03 and melojel; ■, blanched NafISO, and col-flo; ▲, 
blanched and NaHS03; □, blanched; o, freeze thawed; A, untreated.
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considered in the literature to affect the rate o f vegetable drying although there 
is little experim ental evidence. It is believed that the aspects responsible for the 
effect o f blanching are: (a) change in physical properties of the tissue, such as 
destruction o f 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 o f carrots, possibly because it altered only the physical characteristics of 
the tissue.

T he effect o f  sucrose dipping on the rate of moisture removal o f carrots is 
show n 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% , 
m oisture content o f the carrots decreased from 9.0 to 3.6 kg FI20 /k g  DM  (same 
as from 90 to 78% H 20 ) .  W ith air drying, the moisture content o f carrots 
dropped rapidly, however, in spite o f the fact that some water had been  
rem oved during the dipping in the sucrose solutions, drying times necessary to 
reach low  residual moisture content were actually increased. Figure 3 is a plot o f  
the drying rate o f sucrose- and NaCl-dipped carrots versus mean moisture 
content. It can be observed that with NaCl and increasing concentration o f  
sucrose treatm ent, the rate o f moisture transport decreased substantially.

9 0  * -

10 • .
■x.

+

0 2 3  4  5  6  7

Drying 5ms ( hr)

Figure 2. Effect of pre-drying sucrose dipping on the rate of moisture removal from 
carrot cubes dehydrated at 50°C, 16 kg/m2 drying surface and 8.1 m3/min air flow rate. 
x , 5 % Sucrose; • ,  20% sucrose; +, 60% sucrose.
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Figure 3. Rate of dehydration of blanched, blanched and NaCl, and blanched and 
sucrose dipped carrot cubes dehydrated at 50°C and 8.1m3/min air flow rate. • ,  
Blanched; ■, 5% sucrose; A, 10% NaCl; o, 20% sucrose; A, 60% sucrose.

Figure 4. Desorption isotherms of blanched and sucrose treated carrot cubes at 40°C. 
+ , 5% Sucrose; • ,  20% sucrose; x , 60% sucrose.
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It is well known (Ponting et al., 1965; Hawkes & Flink, 1978) that the 
concentration effect o f 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 o f sucrose treated carrots can be attributed to 
tw o reasons: (1) sucrose that crystallizes during the air drying process lowers the 
diffusivity o f water vapour and impairs heat transfer within the product; and (2) 
the vapour pressure o f water in the product is depressed due to dissolved sugar. 
T hus, the vapour pressure difference between drying air and product decreases 
and this results in a lower drying rate.

T he equilibrium moisture contents o f sucrose treated carrots determined  
using raw and freeze dried samples were also affected by the sucrose concentra
tion (Figs 4, 5 and 6). A t low water activities, the increase in sucrose concentra
tion increased the equilibrium moisture content when this was determined using 
raw sam ples (Fig. 4). This finding is consistent wih the observed effect o f sugar 
concentration on air drying o f 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

Water activ ity (ow)

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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Time (doys)

Figure 6. Water uptake by blanched, sucrose treated and freeze dried carrot cubes at 
40°C. +, 5 % S ucrose; • ,  20% sucrose; x , 60 % sucrose.

effect o f  sucrose is due to change in state o f the sugar. It has been reported 
(K arel, 1975) that sucrose may be present in one o f several states: crystalline 
solid , am orphous solid (bound to other food com ponents) and aqueous solu
tion. W hen carrots treated with sucrose are freeze dried, the sugar probably 
goes into  the amorphous form. In this form, it is very hygroscopic and unstable. 
H ow ever, the very high viscosity o f the medium and the presence of non-sugar 
fraction in the carrots act as a support and prevent molecular rearrangement. 
T he adsorption o f water imparts mobility to the sugar m olecules and this 
m obility results in the transformation o f sugar from the metastable amorphous 
state to the m ore stable crystalline state which sorbs very little water until water 
activity reaches approximately 0.8 and the sucrose begins to dissolve. A lso  in 
this process o f 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 
im m ersed in sugar solutions but not followed by freeze drying (Fig. 4 ), the 
sequence o f events was different. During the immersion step water diffused 
through the cellular surface structure from the carrots to the concentrated  
solution . A fter 30 min, when the carrots were removed from the concentrated  
sucrose solution and placed in atm ospheres of various water activity (desorp
tion ), the sucrose concentration on the surface o f the piece was higher than in 
the m iddle. Exposure o f this material to decreasing humidities resulted in 
sufficiently slow  water loss to produce amorphous sucrose which sorbs more 
w ater than crystalline sucrose (Karel, 1975).

Figures 7 and 8 show the adsorption and desorption isotherms o f sodium  
chloride and sodium chloride treated carrot cubes at 40°C. It is evident from 
these isotherm s that at low water activities, the higher the sodium chloride 
concentration , the lower the sorption capacity o f the carrots. Sodium chloride 
adsorbed practically no water at water activities below  0.5. A t higher water 
activities, how ever, as for the sucrose treated material, the increase in sodium  
chloride concentration increased the equilibrium moisture content. This reflects 
the change in state o f the salt.
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X/

Figure 7. Adsorption isotherms of blanched and NaCl treated carrot cubes at 40°C. 
■ . 0% Nad; • ,  10% Nad; + , 30% NaCl; x , 100% NaCl.

Figure 8. Desorption isotherms of blanched and NaCl treated carrot cubes at 40°C. 
■ ,0.0% NaCl; X, 2.5% NaCl; • ,  10.0% NaCl; + ,30.0% NaCl; o, 100.0% NaCl.



Dehydration o f carrots 121

oC\J
X

* 2

/

/  /
/  /

' / V
w  /  
w  
r _L _L _L

10 30  5 0  7 0  9 0  NO 130

Time in H 2 O a t 25 °C  (min)

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. ■, 5% 
Sucrose; ▲, 20% sucrose; • ,  60% sucrose.

T he sorption isotherms o f sucrose- or NaCl-treated carrots can then be 
interpreted on the basis o f  their basic com ponents, 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 
m ainly due to the polymers. A s vapour pressure is increased above the vapour 
pressure o f the saturated solution o f the soluble solids, adsorption increases 
considerably and a solution is produced.

This dem onstrates that the presence o f sucrose or salt on the surface o f cubed 
carrots impairs moisture uptake and removal. H ence, at the same dehydration 
tem perature, 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.

M easurem ent o f the rehydration ratios o f the dry materials used in this 
experim ent show ed significant differences between the control and the treated 
sam ples. A t room  temperature, the rehydration ratio decreased by over 50% as 
the sucrose concentration was increased from 5 to 60% (Fig. 9). This is because 
o f 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 m uch 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. This would be an advantage for eating in soups and stews. Loss o f 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 o f  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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Time in H20  a t 25°C (min)

Figure 10. Loss of solids during rehydration (in distilled H20  at 20°C) of blanched and
sucrose treated carrots. —•• •—, 60% Sucrose;-------, 20% sucrose; - •  5%
sucrose; — ,0% sucrose.

From the above discussion it appears that carrots, to be air dried after partial 
osm otic drying, will require higher air temperature or more time to reach the 
sam e final moisture content as blanched, blanched and sulphited or blanched, 
sulphited and starched carrots. H owever, the stability o f a dehydrated product 
is not associated with its minimum total moisture content, but with its water 
activity, therefore partial osm otic drying of carrots may still reduce air drying 
tim e and energy consum ption. A lso , although the texture o f osmotically dried 
m aterial is m ore or less open and rigid and the tissue does not collapse as much 
during drying, the presence o f sugar or salt on the surface o f the material has 
great bearing on  the rehydration characteristics o f the finished product and on 
the transport o f 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 . D I N O L A  a n d  E. BR O SIO

Summary

In the present paper the analysis o f the transverse magnetization decay curves of 
w ater is discussed. W henever the sp in-echo decay curve o f water does not show  
a single exponential behaviour and the apparent relaxation rates of bound and 
free com ponent vary with the moisture content, an exchange process must be 
hypothesized . A  m ethod for obtaining the amount o f bound and free water, in 
the presence o f exchange, is reported. If the described procedure is applied, the 
am ount o f bound water as determined by pulsed nuclear magnetic resonance 
(N M R ) is in good agreem ent with the amount o f unfreezable water as deter
m ined by other techniques.

Introduction

T he longitudinal and transverse magnetization decay curves o f water have been  
extensively exploited  to obtain information on water binding in many foods such 
as w heat flour, corn starch, casein, etc. (Leung etal., 1976; Leung, M agnuson & 
Bruinsm a, 1979), as well as in other substances like silica gel (Zimmerman, 
H olm es & Lasater, 1956; Zimmerman & Brittin, 1957; Zimmerman & Lasater, 
1958; W oessner & Zimmerman, 1963). The results so far obtained show that the 
pulsed  nuclear m agnetic resonance (N M R ) technique is very suitable for deter
m ining the am ount and the mobility o f free and bound water in the samples.

In m any cases however the results obtained by pulsed NM R do not agree with 
other observations: for exam ple, the amount of bound water in corn starch 
(L eung et al., 1976) and in wheat flour doughs (Leung et al., 1979) as deter
m ined by pulsed N M R  does not correspond to the amount o f unfreezable water 
as determ ined by wide-line N M R  (Leung, 1975; T oledo, Steinberg & N elson,

Authors’ address: Istituto di Chimica-Fisica, University of Rome, p. le A. Moro 5, 00185 
Rome, Italy.
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1968), differential thermal analysis (D T A ) (Davies & W ebb, 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 N M R  and the unfreezable water.

W e believe that, in most cases, a different elaboration of the NM R data can 
solve these discrepanices: in such a way the bound water contents determined by 
the different m ethods may be related to each other. In the present paper we 
report the m ethod to evaluate the experimental data.

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

2 ( 0  = Go K  e*P ( -M b O  + af exP ( - h fO ]  ( ! )

A ccording to that, the extrapolated values at the time t = 0 o f the two exponen
tials, ab and ai , were supposed to coincide with the relative amount of bound and 
free water, Ph and P{ respectively, and the rate constants (xb and |Xf were 
identified with the relaxation rates 1/T2b and 1/T2f of the two types of water in the 
sam ple.

L et us suppose that only two species o f water m olecules are present, we want 
to point out that, even in the presence of exchange between bound and free 
w ater, it is possible that the echo decay curve does not show a single-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 |xf do not correspond to Pb, Pf, 1/T2b and l /7 \ f, 
respectively. The echo decay curve, will be described by a formula like Equation (1) 
(Z im m erm an & Lasater, 1958; W oessner & Zimmerman, 1963) where

l/T av=Pb/T 2b + Pf/T 2i

and C, a n d C 2 are the rate constants o f the exchange process. Only if C; =  C2 =  0 
the aj and |x, coincide with the Pt and l/T * respectively.

M oreover the real (P,, T2i) and the apparent (ah |x,) quantities will be related 
by:

1/2

—  + —  = a b P b  +  f l fMf 
- '2b  1 2f

Pb Pi---  + --- ( 2 )
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T he 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 w hether 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 o f bound and free water must not vary 
w ith the m oisture content o f the sample and they must be equal to the 
m easurable rates where only one type o f water is present.

O n the other hand, if an exchange process is present, the apparent relaxation  
rates may vary with the moisture content o f the sample and their values may 
differ from those o f bound or free water. For this reason, whenever a variation 
o f  o n e , or both, relaxation rates is observed an exchange process is to be 
hypothesized . This seem s to occur on the reported studies on the transverse 
m agnetization decay o f water in corn starch (Leung et al., 1976) and in flour 
doughs (Leung et al., 1979). In these cases the reported amount o f bound water 
(0 .194 ±  0.01 g H zO /g D M  for corn starch and 0.62 ±  0.03 g H zO /g D M  for flour 
dough) m easured without taking into account the exchange process clearly 
coincides with the quantity ab.

H ow ever, in spite o f the greater com plexity o f the process, in many cases it is 
possib le to obtain the real quantities, Ph provided that som e conditions are met. 
Starting from Equation (2), with Pb + P{ = 1, we obtain:

In m ost cases the transverse relaxation time o f free water, T2i, even if reduced  
because o f macromolecular interactions, is at least one order of magnitude 
greater than T2b, l/(jib and 1/jjq, so that it can be neglected in Equation (3), which 
b ecom es

If the real relaxation time of bound water, T2b is known, the amount o f bound  
w ater can be derived from Equation (4).

G enerally in water binding studies progressive amounts o f water are added to 
the dried material and for the first additions no free water com ponent is 
detected . T he measured relaxation time of water in these samples can be then 
assum ed as the relaxation time o f bound water. A s concerns the reported studies 
on  corn starch (Leung et al., 1976) the transverse relaxation time of bound water 
can be set as the average value o f the relaxation times o f the fast decaying 
com ponent (1.43 m sec) that practically coincides with the relaxation time of 
w ater in the dried sample (A . D i N ola and E. Brosio, unpubl. data). A s 
concerns the studies on flour doughs (Leung et al., 1979) the relaxation time of 
bound water can be taken as the measured value of the immobile fraction of  
w ater 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 o f bound water, Pb, calculated from Equation (4) results 0.28 g H 20 /g  DM

A  -  (ab Mb + af Mf -  l /A fV O /A b  — l /A f ) (3)

A  -  A b (flb Mb + flfMf) (4)
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and 0 .34 g H zO /g  D M  respectively. The amount of bound water as determined  
by pulsed N M R  according to Equation (4) is now in good agreement with the 
am ount o f unfreezable water as determined by different techniques. In fact for 
corn starch wide-line N M R  (Leung 1975) gives 0.26 g LLO/g DM  of unfreezable 
water; for flour doughs wide-line NM R (Toledo et al., 1968), D T A  (D avies & 
W ebb, 1969) and D SC  (Bushuk & Mehrotra, 1977) give 0.29, 0.33 and 0 .3 0 g 
H 20 / g  D M  o f unfreezable water respectively. That confirms the assumptions 
m ade.
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Technical note: Determination of organic nitrogen by 
Kjeldahl digestion using hydrogen peroxide

L. N . SR IK A R * a n d  R. C H A N D R U

Introduction

T he standard m ethod for the determination o f nitrogen is by Kjeldahl digestion, 
w hereby the organic nitrogen is converted to ammonia by digestion with con
centrated sulphuric acid in presence o f 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 em ployed for the estim ation  
o f nitrogen in the digestion mixture (Davidson, M athieson & B oyne, 1970; 
G ehrke, K illingley & Wall, 1972; Florence & Milner, 1979; Wall & Gehrke,
1975).

T he presence o f a catalyst in the digestion process accelerates oxidation and 
com pletes digestion. A  number o f catalysts have been tested by many investi
gators, and mercury has been established as the most effective catalyst. For the 
analysis o f  organic nitrogen in fertilizers, animal feeds, fish and other marine 
products, either mercury or mercuric oxide is used as a catalyst in the A .O . A .C . 
(1975) standard m ethod. H owever, mercury is extremely toxic and toxicity is 
cum ulative. In addition to being expensive, mercury may cause environmental 
contam ination and disposal problems. Consequently much research has been  
carried out to find an efficient catalyst o f low cost and lower toxicity.

C opper 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 com bina
tion with copper sulphate has been tested by Glowa (1974). Further, selenium  
dioxide has also been em ployed as a catalyst in the Kjeldahl digestion  
procedure.

T he use o f hydrogen peroxide to accelerate the decom position and clarifica
tion  o f  a variety o f nitrogenous products, was reported by Bradstreet (1965). 
Florence & M ilner (1979) have described the digestion o f nitrogenous materials

A u th o rs ’address: D epartm en t of Biochem istry, College of Fisheries, M angalore 575002, India.
* T o  w hom  correspondence should be addressed.

0022-1163/83/0200-0129$02.00 ©  1983 Blackwell Scientific Publications

9



130 L. N. Srikar and R. Chandru

w ith hydrogen peroxide determining the ammonia formed, using automated  
flow  system .

In the present investigation the routine determination o f organic nitrogen in 
fish and som e other foods on a semi-micro scale by Kjeldahl digestion in the 
absence o f a m etallic catalyst have been exam ined and the hydrogen peroxide 
m ethod  is com pared with the conventional copper sulphate digestion method.

Materials and methods

A p p a r a tu s

D igestion  flask: 30 ml capacity, corning with B 24 joint.
D igestor: Electrically heated multimantles for six flasks, with individual 

tem perature regulators (Toshniwal make) and vapour manifold made o f corn
ing glass to hold the flasks and to remove acid fumes.

D istillation assembly: Paranas wagner apparatus.

R e a g e n ts

H ydrogen 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 m ethylene blue and methyl red in 1 :3 ratio; L— tryptophan 
analar (99-100.5%  pure); D L— alanine analar (98.5-100.5%  pure); L— cystine 
analar (98.5%  pure).

P r o c e d u r e

H y d r o g e n  p e r o x id e  m e th o d .  Dried samples o f fish and other foods used in the 
experim ent were ground and sieved through an I.S .S. standard test sieve having 
an aperture o f 500 p. Thirty to one hundred milligrams o f samples were weighed  
on a pre-weighed glazed paper o f size 70 x  50 mm. The samples along with the 
paper w ere transferred into digestion flask. In another digestion flask, glazed 
paper o f  the same size was introduced to serve as a blank. O ne hundred 
milligrams o f potassium sulphate was added to each o f the digestion flasks, 
fo llow ed  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 
approxim ately 45°. The flasks were heated controlling the heat in such a manner 
that bum ping was prevented and digestion was smooth and uniform throughout. 
T he digestion was com plete in about 30 min, when the digest was clear and 
colourless. For samples, where the digest was not colourless at the end o f  
30 m in, hydrogen peroxide was added carefully dropwise down the wall of the 
flask to m inimize effervescence, allowing the reaction to com plete before



further addition o f hydrogen peroxide, until the digest becam e permanently 
colourless.

Copper sulphate method. To the sample in digestion flask 100 mg o f digestion  
m ixture containing copper sulphate and potassium sulphate in the ratio 1 :1 0  
was added, follow ed by 2 ml sulphuric acid. The flask was then heated on the 
rack until the digest becam e clear and colourless. Normally the time required for 
digestion  was 2 -2 .5  hr.
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Macro procedure

In order to compare the semi-micro m ethod described with that o f macro 
m ethod , com m ercial grade casein was em ployed. Samples containing about 1 g 
casein  w ere digested both by the copper sulphate and hydrogen peroxide 
m ethods. T he digested sample was made up to 100 ml and from these, aliquots 
o f 10 m l were used for distillation.

Analysis

T o the digested sample a small quantity o f ammonia-free distilled water was 
added, and the resulting sample was transferred directly into the distillation 
cham ber o f 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 o f ammonia-free water and the washings 
transferred into the distillation chamber.

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

Results and discussion

T he results o f  nitrogen determination by hydrogen peroxide method and copper 
sulphate m ethod are given in Table 1. The nitrogen content obtained for all the 
sam ples tested  was higher in the peroxide m ethod when compared to the values 
obtained  by the copper sulphate digestion method. The results obtained by the 
sem i-m icro and macro procedures using commercial casein indicate that the 
nitrogen value obtained was comparatively high in the peroxide m ethod than
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Table 1. O rganic nitrogen determ ination  in fish and o ther foods by peroxide and copper sulphate 
d igestion  m ethods

Peroxide m ethod C opper (II) sulphate m ethod

Sam ple N itrogen
(%  M ean ±  s.e. mean) n

Nitrogen
(%  Mean ±  s.e. mean) n

M ackerel*
(R a s tre ll ig e r  k a n a g u r ta ) 3.25 ±  0.02 9 3.09 ± 0 .0 3 8

C om m on carp*
(C y p r in u s  c a rp io ) 2.23 ± 0 .01 6 2.14 ± 0 .0 5 3

T ilapia*
T ila p ia  m o s s a m b ic a ) 2.42 ±  0.02 4 2.37 ±  0.04 4

Catfish*
(T a c h y s u r u s  te n u isp in is ) 2.66 ±  0.05 8 2.51 ±  0.03 9

C u ttle  fish*
(S e p ia  a cu le a ta ) 2.61 ± 0 .0 3 12 2.49 ± 0.05 8

Egg album in (com m ercial) 12.63 ±  0.05 8 12.32 ± 0 .1 4 6

C asein  (com m ercial) m ake A 13.81 ± 0 .0 4 8 13.34 ± 0 .0 5 7

B engal gram 3.86 ± 0 .1 3 4 3.39 + 0.06 4

G reen  gam 4.55 ±  0.06 5 4.20 ± 0 .11 4
C asein  (com m ercial) m ake B

Sem i-m icro 12.32 ±  0.09 23 ND
M acro 12.30 ±  0.04 9 12.10 ±  0.03 10

* V alues expressed on wet w eight basis

the copper sulphate m ethod while the results obtained were similar both by 
sem i-m icro and macro procedures, when peroxide was used for digestion.

For assessing the efficiency o f 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 
am ino acids tryptophan, alanine and cystine. The results in nitrogen recovery 
for the am ino acids are given in Table 2. The recovery of nitrogen was higher in 
peroxide m ethod than in the copper sulphate method. The results obtained

Table 2. R ecovery of nitrogen from am ino acids by peroxide and copper (II) sulphate m ethods

Sam ple M ethod n N itrogen (%  M ean ±  s;.e. m ean) Recovery (% )

T ryp tophan Peroxide 16 13.64 ± 0 .2 9 99.49
C opper sulphate 10 12.82 ±  0.47 93.51

A lan ine Peroxide 3 15.52 ±  0.24 98.79
C opper sulphate 3 15.45 ± 0 .6 8 98.35

C ystine Peroxide 4 11.54 ± 0 .5 6 98.89
C opper sulphate 3 10.72 ± 0 .1 8 91.86
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indicate that the hydrogen peroxide digestion method is superior' to copper 
sulphate m ethod both in accuracy and precision for tryptophan, while the two 
m ethods com pare w ell in the case o f 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).

T he hydrogen peroxide digestion followed by steam distillation o f ammonia, 
described in the present paper is quite rapid, reliable and accurate. Therefore, it 
can be em ployed for the routine determination o f total organic nitrogen in fish 
and other foods. B y this m ethod, not only the digestion time is minimized, 
com pared to the copper sulphate digestion m ethod, but costly and toxic 
catalysts like mercuric oxide, zirconium oxide, titanium oxide and selenium  
oxide, can be safely dispensed with.
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Recent Advances in the Biochemistry of Fruit and Vegetables. (Phyto
chem ical Society of Europe Symposia Series N o. 19) Ed. by J. Friend and
M. J. C. R hodes.
L ondon: A cadem ic Press, 1981. Pp. xiii +  275. ISBN 0 12 268420 6. £24.00

This volum e o f thirteen reviews originated as the proceedings o f a Symposium  
held by the Phytochem ical Society in Norwich in April 1980. Unlike the 
m ajority o f symposia proceedings which tend to have limited appeal and to 
becom e rapidly out-dated, this collection of essays should command a wide 
audience o f readers among food and plant scientists. M oreover, it should serve 
as a useful reference to the subject for a number o f years.

This book has appeared som e 12 years after the publication o f that major 
reference to fruit biochemistry edited by A . C. Hulm e, 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 
biochem istry since 1970. Thus in the opening chapter J. B. Biale and the late 
R. E . Y oung discuss the respiration and ripening o f fruits, including among 
other item s up-to-date lists o f those fruits showing the respiratory climacteric 
during ripening and those that do not. A n important recent advance in fruit 
biochem istry has undoubtedly been the full elucidation of the pathways of 
biosynthesis and turnover o f the key ripening hormone ethylene. It is therefore 
valuable to have here two complementary chapters by S. F. Yang and E. M. 
B eyer dealing with ethylene biosynthesis, its regulation, action and metabolism.

D uring fruit ripening, many changes occur in fruit enzym es, in texture, cell 
wall structure and in phenolic metabolism and these are variously considered 
here by G . E. H obson, by M. Knee and I. M. Bartley and by M. J. C. Rhodes 
and his collaborators. Particular attention is given to the enzym e(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 o f 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 tom ato fruit.

T he title o f  the book under review includes vegetables as well as fruits and this 
explains the inclusion o f chapters by C. Vance on cyanide-insensitive respiration 
and by T. A p  R ees and co-workers on low temperature sweetening, two 
phenom ena which are more closely associated with tuber than with fruit tissue.
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A nthocyanin  colour can be extracted impartially from both fruits and vegetables 
and C. F. Timberlake in the one chapter on pigments reviews recent develop
m ents in the study o f the anthocyanins of both types o f 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 H ulm e’s 
The Biochemistry o f 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: W issenschaftliche Verlagsgesellschaft, 1981. Pp. xxiii +  1352. ISSN 
0721 6912. D M 9 6 .- .

This book provides a com prehensive reference on the composition of a wide 
range o f foodstuffs. T o make the Tables useful to as many international users as 
possible, the Introduction, Preface and Table of contents are written in English, 
G erm an and French, with the names of the foods at the head of the columns in 
all three languages. A ll other headings are in English to save space, but there is a 
useful glossary of these terms in German and French at the end of the book. 
D ealing with 700 foodstuffs, this is the first edition to appear in the form of a 
com puter print-out. It is envisaged that by using a computer data bank in this 
m anner, the Tables can be readily up-dated in future. The aims of the editors are 
to m eet the needs for information on food com position of those involved in 
dietetic and nutritional guidance and in the Food Industry. A s the aims of the 
book  are very similar to those o f McCance and W iddowson’s Composition of 
Foods (Paul & Southgate, 1978), it is of obvious interest to make some compari
son betw een the two. There are a number o f points on which they differ, but on 
the w hole 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, Germ an and French.

D ata are included on foods such as tropical and Mediterranean fruit and 
vegetables which are now more generally available throughout Europe. A lso  
included are a wide range o f less com monly 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 exam ple, fifteen entries dealing with different 
types o f edible fungi. For the first time much detailed data on the com position of 
certain major food com ponents have been included, such as the fatty acid and 
sterol com position o f fats, the amino acid com position of proteins and the
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carboxylic acid com position o f fruit and vegetables. In addition there is a 
breakdown o f carbohydrates into monosaccharides, oligosaccharides and 
polysaccharides with particular emphasis on dietary fibre. Trace elem ents such 
as nickel, m olybdenum , 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 is welcom e information for research workers, as 
the latter data are excluded from Paul & Southgate (1978) for reasons o f space 
saving. A nother w elcom e feature is the addition of a range o f values for food  
constituents o f the edible portion o f food. However, these data may be o f 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 o f these tables for dietitians.

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

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

T he first publication o f Malting and Brewing Science as a single volume in 1971 
was a m ost w elcom e-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 o f 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 com pletely revised 
and for its second edition to be published. The decision to split the text into two 
volum es 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 volum e 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 
w ho 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 
biochem istry o f malting grain; malting conditions and malt types; and the 
technology o f malting and kilning. The text then turns to consider brewing itself 
with a chapter on brewing water: this encom passes natural brewing water, 
desalination, deionization, water purity and effluent treatments. There then 
follow s a new chapter on adjuncts, sugars, wort syrup and a disappointingly 
short section on industrial enzym es. Finally there are three chapters on sweet 
wort production: these discuss the chemistry and biochemistry of mashing, 
preparation o f the dry grist (i.e. milling technology as applied to brewing) and 
mashing. The volum e concludes with a useful appendix on units of measure
m ent. T he subject index is com prehensive 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 a generally high 
standard. It is remarkably free from minor typographical errors.

T he book avoids the pitfall o f launching itself into a detailed analysis and 
discussion on the current status o f 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 
chem ical 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 
follow ing item s are particularly worth mentioning: Clova malting plant, barley 
abrasion (physiological and technological aspects), the occurrence of nitros- 
am ines in malt and m ethods for their reduction, dimethyl sulphide, effluent 
treatm ents, energy conservation, a short section on industrial enzym es, some 
newer m ethods o f analysis applicable to barley and malt and newer mashing 
technologies with som e reference to the econom ies o f 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  
U niversity. It will, however, have a rather wider readership, for the undoubted  
quality o f its text will widen its appeal to all those who are concerned with 
research, developm ent and production within the malting, brewing and 
distilling industries.
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T he republication o f this text in an up-dated and slightly expanded form will 
ensure that this volum e remains as one o f 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.

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

Inevitably this has meant that whereas som e methods are included in working 
detail, other m ethods are only m entioned 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 o f the seventh edition as certain methods 
have been om itted from the eighth edition. For exam ple, tests for a number of 
specific oils (arachis, cotton seed, sesame and tea seed) have been om itted with 
the reader being referred to the seventh edition for details.

T he overall layout has been retained with, as before, twelve chapters devoted  
to the analysis o f specific com m odity groups. The discussion on the determina
tion o f 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 som e of the main instru
m ental techniques.

T here are frequent references provided for TLC, GC and HPLC m ethods for 
determ inations and analyses, and working details of some o f these analytical 
m ethods are given. A lso  a number o f analytical techniques are added which 
reflect changes o f emphasis in the topics considered to be of concern to the food  
analyst. For exam ple there has been the addition o f methods of determining 
histidine and histamine in scombroid fishes, and of determining erucic acid in 
fats and oils. In som e cases however, the topic is covered only by a brief 
discussion and provision o f literature references —  for example in the cases of 
determ ination o f antithyroid and anabolic compounds in flesh foods, or o f soya 
protein in the presence o f meat using the ELISA method.
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Typographically this edition is perhaps rather less successful than the seventh 
ed ition . The choice o f type faces for the hierarchy o f 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 exam ple pp. 454-6). A lso the proof-reading does not appear to have been  
as rigorous as in the previous edition. There are a number of minor spelling 
m istakes, but o f more concern are a number of mistakes in the data presented. 
For exam ple, the com positional table o f fruits records the sugar content o f raw 
bananas as 1.2%. A lthough the source o f the data is not indicated, this table in 
fact seem s to derive from McCance & W iddowson (1967) or Paul & Southgate
(1978) in which 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 o f the data if these are in doubt.

N evertheless these minor shortcomings in presentation should not be allowed  
to detract too much from the welcom e 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 U V
Spectrom etry 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 U V  Spectrometry Group in 1977. 
O riginally this material was to be circulated to members only but it was subse
quently realized that it would be o f wider interest. The first volume published 
earlier in 1981 covered standards in absorption spectrophotometry.

This second volum e adheres closely to the style adopted in the first volume. 
T he first chapter provides a very brief introduction to fluorescence but in no way 
can this be considered even a basic introduction to the theory involved. W hether 
a som ew hat fuller treatment is desirable is open to debate. The next three 
chapters, all o f  which were written by the editor, cover wavelength calibration, 
stray light and sensitivity. The first o f  these on wavelength calibration is well 
com posed  and contains much useful information on methods available for this 
m ost important check procedure. The chapter on stray light is short (four pages) 
and functional whereas that on sensitivity seems rather confused. In Table 4.1 
the ‘Raman m ethod’ o f determining sensitivity is described as ‘not very 
m eaningful in practice’, while in the summary the same method is described as 
the ‘m ost suitable method'.

Inner filter effects form the basis o f Chapter 5 and this topic is extensively
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covered . Indeed as compared with the earlier chapters this topic receives a 
considerably m ore thorough treatment. Chapter 6 deals with the problems of 
tem perature effects and photodecom position, which are often not fully 
appreciated. T he final two chapters are devoted to correction o f spectra and 
determ ination o f quantum yields, topics which should be understood by 
anybody using fluorescence quantitatively. The remainder of the book contains 
an A ppendix o f corrected spectra, which will prove useful as standards for 
quantum  yield determinations and for spectral correction o f other solutes. The 
style o f 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 Volum e 1 although the 
balance betw een the topics covered is perhaps not ideal. The standard of 
production is good  but the quality o f paper used is very poor, being cream and 
insufficiently opaque.

R. Macrae

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

The multi-disciplinary nature o f food science is nowhere more evident than in 
the science o f meat and meat products. The literature is diverse in nature and 
scattered, and com prehensive reading habits are the privilege of the few. 
A uthoritative review articles have a special place in the communication process, 
but even  these can be difficult to locate. The present volum e, therefore, is 
doubly welcom e: for its own content and for the prospect that the meat scientist 
can look  to this series as a source o f timely and well chosen surveys. Its coverage 
is typical o f  the whole field, ranging from detailed anatomical and physiological 
characteristics o f ‘normal’ and ‘abnormal’ animals to the problems of enforcing 
regulations and the nutritional status o f individual humans. Eight topics of 
current interest are reviewed by leading workers from six countries: Muscular 
hypertrophy in cattle (D ouble muscling) by R. Boccard; Connective tissue by 
T. J. Sim s 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
m ediate m oisture meats by D . A . Ledward; M ethods o f determining connective 
tissue free m uscle protein in meat products by W . J. Olsman and P. Slump; and 
M eat and health by A . M. Pearson.

Som e deal with the progress in established research fields while others draw 
together w idely scattered findings in more general fields, but all are readable, 
concise and fully docum ented. 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 .  H a n n a n



J. F d Technol. (1983) 1 8 ,142

Erratum

J. Fd Technol. (1982) 17, 649-652
T echnical note: The significance o f the presence of/Thydroxybutyric acid in hen 
eggs.

N. L. Thomas and S. W. Stock

T he caption to Table 2 on p. 651 should read: Table 2. Fertilized eggs.
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