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ABSTRACT 

The influence of three different concentrations, 0.05%, 0.10% and 0.1 5% of 
monobasic sodium phosphate on the heat stability (at 130°C) and pH of 
buffalo milk and its 2:1 concentrate was determined. It was observed that 
sodium phosphate caused a considerable increase in the heat stability, d e  
termined as heat coagulation time (HCT) o f  concentrated buffalo milk. The 
optimum concentration of sodium phosphate for imparting maximum sta- 
bility to the concentrate was different for different samples. However, with 
the addition of an appropriate concentration of sodium phosphate it was 
possible to manufacture evaporated milk up to 36% total solids. Depending 
on the HCT/pH profile, some o f  the samples o f  fluid (unconcentrated) milk 
were stabilized while the others were destabilized due to the addition of 
sodium phosphate. Addition of monobasic sodium phosphate caused a d e  
crease in the pH of fluid milk and its concentrate. 

INTRODUCTION 

The instability of buffalo milk to heating, particularly when it is con- 
centrated and sterilized (as in the manufacturing of evaporated milk) poses 
considerable problems (Srinivasan et al. 1967) and so far has prevented the 
manufacturing of evaporated milk from it. Roy and Yadav (1972) reported the 
possibility of manufacturing evaporated milk from buffalo milk with the addi- 
tion of 1% acid casein. A study in this laboratory (Tayal and Sindhu 1983) 
revealed that while the addition of acid casein increased the heat stability of 
concentrated buffalo milk the increase was not sufficient to enable the concen- 
trate to withstand the sterilization temperature. Stabilizing salts such as sodium 
phosphate and sodium citrate have been successfully used to correct the salt 
balance of bovine milk to give increased stability to its evaporated products 
(Verma 1965). However, recent studies in our laboratory (Tayal 1983; Sindhu 
and Tayal 1984) revealed that disodium phosphate and sodium citrate acts as 
destabilizing agents when added to buffalo milk prior to its concentration. This 
Journal ofFood Processing and Preservation 9 (1985) 57-64. ALL Rights Reserved 57 
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58 J.  S. SINDHU 

destabilization may be attributed to an increase in milk pH per se. Since the pH 
was in the range of minimum stability in the heat stability/pH profile (maxi- 
mum stability of concentrated buffalo milk was found in the acidic side (pH 6.5- 
6.6) of normal pH, 6.6-6.7). The investigation described in this communication 
was carried out to determine the influence of monobasic sodium phosphate 
(which cause a decrease in pH) on the heat stability of buffalo milk and its 2:l 
concentrate. 

MATERIALS AND METHODS 

The pooled milk samples were collected from the Institute herd of Mur- 
rah buffaloes during morning milking. Each sample was divided into four 
lots. Monobasic sodium phosphate (NaH,PO,H,O) was added a t  levels of 
0-0.15% and samples heated a t  85°C for 5 min. After cooling the heated 
milk to room temperature a portion was taken from each lot for the deter- 
mination of heat-stability and the remainder concentrated a t  55 * 1°C in a 
rotatory type vacuum evaporator a t  an absolute pressure of 0.3 mm H,. 

The heat stability of all milks was determined a t  130°C + 1°C as previ- 
ously reported (Tayal and Sindhu 1983). 

Statistical Analyses 

Statistical analyses of the data for standard errors and F test was carried 
out according to Snedcor and Cochran (1968). 

RESULTS AND DISCUSSION 

Effect on Fluid Milk 

The effect of addition of sodium phosphate on the heat stability deter- 
mined as heat coagulation time (HCT) a t  130°C and pH of buffalo milk are 
presented in Table 1. Results indicated that both the HCT and pH were 
affected by the addition of sodium phosphate. A decrease in milk pH which 
was progressive with the increase in the concentration of added phosphate 
was observed. However, no uniform trend was observed in the case of HCT. 
It is evident from the results in Table 1 that NaH,PO, has a stabilizing 
effect in majority of the samples (samples 1-8). However, continuous in- 
crease in the concentration of added salt did not increase the stability of 
milk linearly. In the case of few samples (9-10) addition of Na,HPO, has a 
destabilizing effect. As indicated in Fig. 1 this differential behavior of 
different samples was dependent on the HCTIpH profile of a particular 
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60 J.  S. SINDHU 

sample of milk. In the present investigation two types of HCTIpH profiles 
were observed in the case of buffalo milk (all the samples exhibited only 
type A characteristics). Both of these types of HCTIpH profiles are shown 
in Fig. 1. The majority of the samples (Samples 1-8, Table 1) had the pH of 
maximum stability on the acidic side of normal pH (maximum stability 
was observed a t  pH 6.7 while the normal pH was 6.8) and were stabilized 
by addition of NaH,PO,. In the case of sample 9 and 10 the maximum 
stability was observed a t  normal pH and these samples were destabilized 
due to the addition of sodium phosphate. 

The stabilizing or destabilizing influence of sodium phosphate may be 
attributed definitely to its effect on pH. Those samples which had maxi- 
mum stability a t  a pH which was in the acidic side of the normal pH, were 
stabilized by its addition because the decreased pH (6.5-6.7) was in the 
range of maximum stability. On the other hand, those samples which had 

PH of milk 

Fig. 1. HCTIpH PROFILE OF BUFFALO MILK AND ITS 1:2 CONCENTRATE 

Buffalo milk having maximum HCT in the acidic range of pH (Sample 1-8 Table 1). 
A Buffalo milk having maximum HCT at normal pH 

(Sample 9-10 Table 1). 
Concentrated buffalo milk. 
Open symbols denote the unadjusted pH. 



HEAT STABILITY OF BUFFALO MILK 6 1 

maximum stability a t  normal pH were destabilized due to its addition 
because the decreased pH was in the range of minimum stability. Sweetsur 
and Muir (1980) also observed somewhat similar behaviour when 
NaH,PO, was added to type A bovine milk; milk samples having normal 
pH in the alkaline side of the pH of maximum stability in the HCTIpH 
profile were stabilized while those which had the normal pH in the acidic 
side of the pH of maximum were destabilized by the addition of monobasic 
sodium phosphate. 

Effect o n  Concentrated (1:2) Milk 

The effect of sodium phosphate on the pH and HCT of the 2:l concen- 
trate are given in Table 2. While the statistical analyses for analyses of 
variance (F test) is given in Table 3. The pH of concentrated milk contain- 
ing added sodium phosphate was significantly lower than that of the 
control (no added phosphate). Addition of monobasic sodium phosphate to 
fluid milk up to the level of 0.10% (0.2% of concentrate) caused a signifi- 
cant increase in the heat stability of concentrate. Further increase in the 
concentration of added sodium phosphate to 0.3% of the concentrate 
caused a decrease in the heat stability. In some of the samples due to the 
decrease the heat stability of concentrate containing 0.3% added salt was 
even lower than that of control. This increase in the HCT was due to 
addition of 0.1 to 0.2% sodium phosphate and was observed in all the 
samples of the concentrated milk irrespective of their HCT/pH profile 
before concentration. The reason for such an increase in the HCT of 
concentrated milk prepared from milk containing added sodium phos- 
phate may be attributed to a decrease in its pH to the level at  which the 
HCT was higher than the normal pH (unlike fluid milk all the samples of 
concentrated milk were found to have only one type of HCTIpH profile in 
which the pH of maximum stability was in the acidic side of the normal 
pH as shown in Fig. 1). The increase in the HCT of concentrated milk 
obtained with the addition of acid casein (Tayal and Sindhu 1983) may 
also be the result of a decrease caused in the pH. 

The optimum concentration of sodium phosphate for maximum stability 
in the concentrate varied from sample to sample. In some cases 0.1% 
NaH ,PO, was sufficient while in others 0.2% and still in two of the samples 
0.3% of the concentrate was required. The maximum limits of the stabiliz- 
ers permitted by law in India is 0.3%. Therefore, on the basis of the results 
obtained in the present study it was not possible to recommend an exact 
concentration of sodium phosphate to give maximum stability to the con- 
centrated milk. However, addition of 0.05% to 0.10% sodium phosphate 
(monobasic) to milk before its 2:l concentration (to achieve 0.10 to 0.2% 
concentration of the salt in the finished product) resulted in an increase in 
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64 J.  S. SINDHU 

the heat stability which was statistically significant and sufficiently high 
in most of the cases to enable the concentrate to withstand sterilization a t  
120°C for 10 min. With the addition of an  appropriate concentration (from 
0.05 to 0.15%) of sodium phosphate to milk before its concentration i t  was 
possible to prepare evaporated milk up to 36% total solids from buffalo 
milk which up until now was considered unsuitable for the manufacturing 
of evaporated milk. 
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ABSTRACT 

Twenty samples of faba beans which showed wide variations in texture 
after cooking were analyzed for total pectin and pectin fractions (i e., H,O-, 
EDTA-, and NaOH-soluble fractions) contents o f  decoated seeds and seed 
coats. Total pectin ranged between 0.9 and 1.6% of the cotyledons and be- 
tween 0.5 to 1.0% of the seed coats. Water-soluble pectin was the highest 
fraction with a mean value about 50% and 40% of the total pectin for the 
decoated seeds and the seed coats, respectively. No consistent significant 
correlation was found between the pectic substances fractions and the tex- 
ture of cooked faba beans for both 1980 and 1981 samples except for the 
water-soluble pectin as a percentage of the total pectin content of decoated 
seeds (r = 0.77, P ( 0.01 for penetrometer and r = -0.76, P ( 0.01 for Kramer 
maximum shear force for 1980 and 1981, respectively). 

INTRODUCTION 

Mature dry seeds of Vicia faba L., like other legumes, vary widely in 
their cooking time. Mattson et al. (1950) suggested that softness of cooked 
peas depended upon the formation of water soluble pectin due to the ex- 
change of divalent cations (Ca and Mg) with monovalent ones between 
pectic substances and phytates. Consequently, insoluble Ca-and Mg-phy- 
tates and soluble Na- and K-pectates (in the middle lamella) are formed 
causing easy separation between the cells and soft cooked peas. 

Muller (1967), working on 13 varieties of peas and beans, come to the 
conclusion that besides the effect of free pectin, Ca, Mg and phytate con- 
tents, the cellulose and lignin contents of seed coats and cotyledon cell 
walls seem to be important in determining the softness of cooked pulses. 

Kon (19681, working on beans that were stored for 4 years, found no 
correlation between cooking time and the concentration of total pectic 
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substances or the concentration of any of the pectic fractions (H,O-, EDTA-, 
and NaOH-soluble fractions). 

This study is on the distribution of pectic substances between the seed 
coats and decoated faba bean seeds and their relation to softness of the 
pressure-cooked faba beans. 

MATERIALS AND METHODS 

Ten samples (20 kg each) of faba beans which varied widely in texture 
after cooking, were chosen from each of the 1980 and 1981 crops as 
described in a previous paper (Shehata et aL 1983). The texture of cooked 
beans was evaluated, as described later, before the samples were stored in 
a freezer (-20°C) until used for chemical analysis. 

Chemical Determinations 

Each sample (about 300 g) of faba beans was decoated manually using a 
sharp scalpel. Seed coats and decoated seeds were ground separately in an 
analytical mill (A 10-Janke & Kunkel, Ika-Werk Staufen, W. Germany) to 
pass a 60 mesh screen. Moisture content was determined by drying a t  
105OC for about 4 h. until a constant weight was reached (AOAC 1975). 
Pectic substances were fractionated using distilled water, 0.4% EDTA and 
1 N sodium hydroxide solutions. Extraction was carried out after enzy- 
matic hydrolysis of starch, then colorimeteric determinations were carried 
out according to the method of Dietz and Rouse (1952). All determinations 
were carried out in triplicate. Means of the standard errors were & 0.010, 
& 0.014, k 0.006 for water-soluble, EDTA-soluble and NaOH-soluble pec- 
tin fractions, respectively of decoated seeds and were k 0.002, + 0.003 and 

0.005 for the same fractions of seed coats. 

Dry faba beans were cooked by autoclaving (seeds: distilled water; 1:4 
WN) a t  115.5OC for 2h. The cooked beans were drained through cheese 
cloth and left to cool to room temperature (25OC) before texture evaluation. 

Texture Evaluation 

Mean softness score was reported as the number of soft beans in a ran- 
dom sample of ten cooked beans evaluated by ten experienced judges who 
were chosen by duo-trio test (Kramer and Twigg 1962). One hundred beans 
of each sample were tested individually by a Universal Precision penetro- 
meter (Hartman 1976) using a 100-g weight and a penetration needle 
(Fisher Sci. Co., 1979-Cat. No., 13-401-10). The mean value of penetration 



PECTIC SUBSTANCES AND TEXTURE OF FABA BEANS 67 

(in 0.1 mm) was presented as penetrometer reading. The higher the pene- 
trometer reading, the softer the bean sample. Since the determination ofthe 
penetrometer readings is tedious and time consuming, the texture of 1981 
crop samples was measured using the O.T.M.S. (i.e., Ottawa Texture Mea- 
suring System, Canners Machinery Ltd., Ontario, Canada) which was ac- 
quired in 1981. This system includes a 9005 Mainframe Daytronic Digital 
Indicator (Model SP-G5P, Riken Denshi Co., Ltd., Japan) for recording 
force deformation curves. Drained and cooled 100-g samples of cooked 
beans were placed in a standard Kramer shear-compression cell (Cat. No. 
CS-1) and the maximum (peak) force during the deformation was electroni- 
cally detected and expressed as Kramer maximum shear force (Kg force/ 
100g sample). This was carried out in triplicate. The smaller the shear 
force the softer the bean sample. 

Simple linear correlation coefficients between the pectic substances and 
the texture evaluations (softness score, penetrometer reading and Kramer 
maximum shear force) were calculated according to Snedecor (1962). 

RESULTS AND DISCUSSION 

Results of texture measurements of cooked faba beans (Table 1) showed 
wide variations among the samples; standard deviations and coefficients 
of variability were quite high. The texture of bean samples showed more or 
less the same trend whether determined subjectively by taste panel (soft- 
ness score) or objectively by penetrometer or Ottawa Texture Measuring 
System. Significant correlations were found between the softness score 
and the penetrometer reading (r = 0.83, P ( 0.01) and between softness 
score and Kramer maximum shear force (r = -0.77, P ( 0.01). The negative 
sign is due to the inverse relationship between Kramer shear force and 
softness. 

Data about the total pectin and the pectic substances fractions in the 
decoated seeds and seed coats are shown in Tables 2 and 3. The total pectin 
content of decoated seeds varied from about 0.9 to 1.6 over the two years. 
White (1966) reported 1.69% total pectin for decoated faba bean seeds; but 
higher values (1.5 to 2.8%) were recorded for Phaseolus vulgaris whole 
seeds depending on the method of extraction (Kon 1968). The total pectin 
content of seed coats ranged between 0.6% to 1.0% for 1980 samples, but 
was almost constant a t  about 0.5% for 1981 samples. These data indicate 
that the pectin concentration in the seed coats was about 50 to 60% of 
that in decoated seeds. 

Variations in pectic substances concentration occurred within the sam- 
ples of the same variety. Moreover, the means of pectic substances frac- 
tions varied from one year to another. The water soluble pectin 
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Table 1. Texture of cooked faba bean samples 

1980 Crop 1981 Crop 
samplea) 

No Penetro- Sof Mess Kramer Maxi- Softness 
meter Score mum Shear Score 

Read inn Force (Kg/lOOg) 

Mean 45.2 

Standard 
deviation 22.0 

Coefficient 
of variability 48.7 

- -  - 

"' Cultivars as presented in Tables 2 and 3 for 1980 and 1981 crops 

concentration was the highest as compared with the other two fractions 
(i.e., EDTA-, and NaOH-soluble). Kon (1968) reported the highest concen- 
tration for the 0.05N NaOH-soluble fraction followed by the 1% EDTA- 
soluble and H,O- soluble fractions in Phaseolus vulgaris. 

The effects of pectic fractions on the texture of cooked beans should be 
dependent more on relative than on absolute concentrations. Therefore, 
the pectic fractions as percentages of the total pectin were calculated and 
are presented in Tables 4 and 5. Wide variations can be seen within each 
variety and between different years. The mean values for the H,O-soluble 
fractions were about 50 and 40% of the total pectin for decoated seeds and 
seed coats, respectively, for both years. Mean EDTA-soluble pectin was 
much higher as a percentage of the total in 1980 samples than in 1981 
samples. Means for the NaOH-soluble fractions were more or less the same 
(35%) for seed coats for the two year samples, but that for decoated seeds 
was much lower in the 1980 than in the 1981 samples. 
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Although significant correlations were found between certain pectic 
fractions of decoated seeds and texture of cooked beans of 1980 samples 
(r = -0.69, P ( 0.05 for the EDTA-soluble fraction and r = -0.88, P ( 0.01 for 
NaOH-soluble fraction with softness score and r = -0.68, P ( 0.05 for 
penetrometer reading), no corresponding relations were repeatable for 
1981 samples. However, the water-soluble fraction as a percentage of total 
pectin of the decoated seeds was significantly correlated with the texture of 
cooked beans for both years (r = 0.77, P ( 0.01 for penetrometer reading of 
1980 samples, r = - 0.76, P(O.O1 for Kramer maximum shear force for 1981 
samples). These results indicate that the water-soluble pectin fraction as a 
percentage of the total pectin of the dry decoated seeds is more important 
than absolute pectin fraction contents in affecting the texture of cooked 
beans. Kon (1968) found no significant differences in the pectic fractions, 
as percentage of total pectin, from fast-cooking and slow cooking beans. 

Jones and Boulter (1983) explained that the decrease of cooking rate in 
Phaseolus during storage was due to formation of insoluble pectin. Solubi- 
lity of pectic fractions present in the dry beans may be influenced during 
cooking by the exchange between monovalent and divalent cations present 
in the beans. 
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ABSTRACT 

Changing environmental conditions to which intermediate moisture 
foods (IMF's) are exposed during production, storage, distribution and 
use, are important microbial stability factors. Temperature changes re- 
sult in local surface condensations leading to microbial outgrowth on the 
surface. An approach to improved surface stability using a high preserva- 
tive surface concentration maintained by an impermeable edible food 
coating was developed. Permeability tests predicted that zein was an  
acceptable coating. Sorbic acid distribution experiments confirmed its 
barrier properties. Apparent diffusion coefficient was estimated between 
3 and 7 x cm2/s. These values were 150-300 times smaller than the 
value measured in the bulk of the IMF model food system used in this 
study, cm2/s. 

INTRODUCTION 

Developing an  intermediate moisture food (IMF) can be conceptualized 
by representing shelf-life and organoleptic quality as a function of the 
fabrication parameters. An example of this approach, corresponding to 
the work done in our laboratories to prepare an intermediate moisture 
cheese analog, whose development and stability was previously reported 
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(Motoki et al. 1982), illustrates the product development difficulties sur- 
rounding IMF technology (Fig. 1). The search for a region of potentially 
acceptable product formulations was guided by three controlling parame- 
ters: (1) an acceptable texture, mechanical measurements with an In- 
stron; (2) an acceptable taste, sensory analysis tests; and, (3) a minimum 
water activity (%), measurements with an electric hygrometer. The area 
of acceptable combinations, represented by the shaded area, is quite 
limited. This points out that it is not always feasible to include consider- 
ations on product abuse situations. Storage temperature fluctuations 
(Grundke and Kuklov 1980), product transfers between facilities a t  differ- 
ent temperatures, or packaging products while still warm affect micro- 
bial stability of food surfaces (Torres 1984; Torres et al. 1985). 

Another source of surface microbial stability problems is product han- 
dling. Even though some products are cooked or pasteurized, slicing and 
packaging gives ample opportunity for surface recontamination (Stiles 
and Ng 1979). A problem associated with surface contamination is that 
viable counts can be highly variable (Anderson et ah 1980; Gill 1979). 
This is particularly important in IMF's since bacteriostatic barriers can 
be overcome by a large number of cells. Furthermore for some microorga- 
nisms, in particular for Staphylococcus aureus, the minimal a, require- 
ment depends on oxygen concentration. Under anaerobic conditions the 

Water Humectants 

FIG. 1. IDENTIFICATION OF POTENTIAL FORMULATIONS FOR AN INTERMEDI- 
ATE MOISTURE CHEESE ANALOG Shaded area represents the region of potentially 
acceptable formulations. Product development details reported by Motoki et al. (1982) 
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minimal a, for S. aureus is 0.91 while under aerobic conditions it is 0.86 
(Scott 1953). Therefore, the surface of foods, where oxygen could be more 
readily available is the region we should be more concerned with poten- 
tial outgrowth of this ubiquitous organism. 

Therefore, there is a need to develop treatments that enhance surface 
resistance to microbial outgrowth. This paper shows that surface micro- 
bial stability can be improved by maintaining an unequal preservative 
distribution, i.e., start with a higher (initial) concentration of preserva- 
tive(~) on the surface and use a coating to maintain this concentration 
difference for as long as possible. This approach requires the selection of a 
coating capable of reducing preservative diffusion from food surface into 
food bulk (Fig. 2). The model system used was the IMF soy-based cheese 
already cited (Motoki et al. 1982). 

FIG. 2. SCHEMATIC REPRESENTATION OF MICROBLAL STABILITY ENHANCE- 
MENT BY A HIGH CONCENTRATION OF K-SORBATE DEPOSITED ON A HIGHLY 
IMPERMEABLE FOOD COATING a. uncoated food with the recommended (Anonymous 
1978) K-sorbate concentration use level evenly distributed b. coated food with a high sur- 
face K-sorbate concentration 
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MODEL DEVELOPMENT 

Mass Transfer Estimations 

Order of magnitude estimates were made of what rate would be re- 
quired to achieve significant microbial stability improvements. Approxi- 
mations for required diffusion values (D) can be based on the following 
unidimensional diffusion equation (Crank 1975, Eq. 2-7): 

M = K-sorbate amount deposited on the surface, g/cm2. 

For small x values, i.e., surface conditions, this expression can be 
simplified to: 

It is difficult to define accurately 'surface' to determine what 'reduction 
in surface concentration' will result in microbial stabilization loss. For 
estimation purposes an 'average surface concentration' was defined as 
follows: - 

C(0, AX) = average between x = 0 and x = Ax 

The average value a t  time 0 can be defined as: - 
C, (0, AX) = W A X  

Let us define reduction in average surface concentration as: 
f = 730, AXIIE,, (0, AX) 

This equation can be simplified to yield: 

Assuming that x is the coating thickness h we can estimate required D- 
values for a given desired stability period and assumed f value (= 0.05, 
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Table 1. Apparent coating diffusion coefficients for sorbic acid required to achieve signifi- 
cant microbial stability improvements 

Days 2 0, cm /sec 

h = 0.01 mm h = 0.03 mm h = 0.05 mm 

x 10-lo 

Table 1). These values are compared with the one obtained by Guilbert et 
al. (1983). Their value, determined in an IM agar model was 2 x lo-= cm2/s, 
i.e., to be effective, a coating will have to allow K-sorbate diffusion about 
1,000 times slower than IM food-like matrices. 

Coating Film Permeability Measurements 

The permeability cell described in Fig. 3 was used to determine the 
permeability constants of coating films supported by regenerated cellu- 
lose. Under well stirred conditions, the resistance to mass transfer for an 
effective coating (low D value) can be assumed to be due only to film 
properties. A constant concentration difference between reservoirs facili- 
tates the analysis of experimental data. This was done by using: 

c, (t =Q) = concentration in reservoir 1 = 0 
c, (t = 0) = concentration in reservoir 2 = large 

= 10 to 100 (mg K-sorbatelm1 solution) 

The use of large reservoirs compared to the area of mass transfer resulted 
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Chamber 2 

Cellulose 

Coating 

Chamber 1 

FIG. 3. PERMEABILITY CELL 

in constant permeability rates equal to: 

N = DA (c, - c,)/x 

where: 

N = flux of K-sorbate 
D = apparent diffusion constant 
A = area of mass transfer 
c, = concentration in the film which is in equilbrium with bulk solu- 

tion concentration c,; equilibrium expressed as ci = kc, 
x = a diffusion distance 

Assuming constant k we obtain: 

N = KA(c, - c,) 

where: 

K = kD/x 

Tht: use of regenerated cellulose, as a reference permeability value, 
provided an opportunity to obtain a rapid, even though approximate 
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measurement, of coating effectiveness. Assuming no interface resistance 
and k values independent of testing material the following expressions 
are valid (r = cellulose, rc = coated cellulose and c = coating film): 

K = ki Di /xi with i = r, rc, c (10) 

K, = k, = kc (11) 

where: 

We can express x, as: 

X, = f 'x, 

Thus: 

1 + f '  - - f 'D, + D, 

D, DPC 

We are interested in D, ( ( f D,, thus: 

1 + f ' = f D J D ,  

From (10, 13 and 14) we obtain: 

Finally from (14, 16 and 17) we obtain: 

This simple expression allowed us to use permeability values to predict 
whether a coating film had the desired effect on sorbic acid diffusion rate. 

MATERIALS AND METHODS 

Permeability Experiments 

As shown in Fig. 3 the permeability cell was provided with mechanical 
and magnetic stirrers to reduce resistance a t  the interfaces. The side tubes 
were used to load the cell with the high concentration solution, eliminate 
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air bubbles and adjust levels to eliminate the influence of hydrostatic 
pressure on permeability. Experiments were run a t  room temperature. 
Samples, ( 1 ml, were taken from the upper chamber, diluted in glycerol 
solution, and preservative concentration determined spectrophotometri- 
cally (at 268 nm, absorption maximum determined experimentally) with 
no need for an extraction procedure. A 50% glycerol (wlw) solution was 
used to have a a, level in the intermediate moisture range. This was 
important since we wanted a coating film sorption status similar to its 
actual use conditions. 

The advantages of regenerated cellulose (dialysis membrane type 30F0, 
thickness = 30 microns, Union Carbide, Chicago, Illinois) were its avail- 
ability, inertness, mechanical strength and low cost. Dialysis tubing 
made out of regenerated cellulose are very homogeneous, thus facilitat- 
ing the obtention of reproducible results. 

IMF Model Studies 

IMF Model Samples Preparation 

The IMF chosen for testing was a cheese analog developed previously 
(Motoki et al. 19821, with the composition given in Table 2. Glycerol 
(Certified A.C.S., Fisher Scientific Co, Fair Lawn, NJ), sodium chloride 
(Certified A.C.S., Fisher Scientific Co.) and sorbitol (Pfizer Co., New 
York, NY) were dissolved in warm water (about 50C) with sorbic acid 
(Pfizer Co.) as the mycostatic agent. An emulsion paste was obtained by 
preblending 30% of the proteins in a Waring Blendor with the aqueous 
solution. The remainder of the protein was mixed with an oil phase 
composed of hydrogenated vegetable oil (Durkex 500, SCM Corp., New 
York, NY) and decaglycerol decaoleate (Glyco Chemical Inc., Greenwich, 
CT) and then emulsified using a food cutter (2 blades, 1450 rpm, Kita- 
zawa Sangyo, Co., Tokyo, Japan). This emulsion was then blended with 
the emulsion paste using the same food cutter. Some of the water was 
then evaporated by blowing warm air into the food cutter bowl. When the 
desired a, level was reached, 0.88, the emulsion was filled into a cellulose 
casing (Type 30F0, Union Carbide, Tarrytown, NY) with a hand press. 
Thereafter, casings were placed into seamless vinylidene chloride casing 
tubes (diameter 40 mm, Kreha Chemical Co., Tokyo, Japan). 

The emulsion was then heated for 2 h in a water bath held a t  85C. After 
cooling, pH was determined with a surface electrode probe (combination 
electrode 39507, Beckman Instruments, Inc., Cedar Grove, NJ). Finally 
a, was measured using an  electric hygrometer (SINA Equihygroscope, 
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Table 2. IMF model composition 

INGREDIENT 9 

Isolated soy protein 

Na-caseinate 

Ca-caseinate 

Hydrogenated vegetable o i l  

Decaglycerol monooleate 

Salt  

Glycerol 

Sorbi to1 

K-sorbate 

26.1 

5.9 

2.0 

34.0 

0.4 

4.8 

5.9 

19.3 

variable 

- 

"' The initial water content is 100 mVlOOg solids; this amount is reduced by drying the 
mixture with warm air so as to achieve the desired final a,. 

Nova Sina, Zurich, Switzerland; marketed in the USA by Beckman In- 
struments). Casings were then carefully removed under a laminar air 
flow hood. The cylinder thus obtained was cut into disks (r = 1.3cm, h = 
1 cm) and placed on sterile dissecting needles. After 12 h storage they 
were hand sprayed for 20 s using a 125 ml glass atomizer (Fisher Scien- 
tific Co., Pittsburg, PA). The zein solution was prepared by dissolving 10 
g zein (Colorcon, West Point, PA), 2.5 g glycerol (Certified A.C.S., Fisher 
Scientific Co.) and 1 g Myvacet (Kodak Chemical Reagents, Rochester, 
NY) and kept warm by using a 50°C water bath. 

To maintain constant k, samples were kept in a constant 88% RH 
chamber (over saturated BaC1,) before and after zein spraying. Air in the 
chamber was kept in circulation by the use of a fan. The chamber itself 
was placed in a constant temperature room (35OC). 
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Sorbic Acid Distribution Studies 

To show that a coating reduced preservative diffusion from coated food 
surface into food bulk to an  extent consistent with the measured steady 
state permeability cell experiments, coated and uncoated IM model sam- 
ples were separated into a core and a surface fraction. From each disk 
shaped sample (r = 1.3 cm, h = 1 cm) we obtained a smaller disk (r = 0.8 
cm, h = 0.5 cm); the rest was the surface fraction. Sorbic acid concentra- 
tion in each fraction was then determined by HPLC, using a procedure 
based on the work by Park and Nelson (1981). The HPLC system con- 
sisted of: a high pressure pump (M-6000A, Waters Associates, Milford, 
MA); a variable wavelength detector (Model 450, Waters Associates); a 
high pressure loop injector (CV-6UHPa-N60, Valco Instruments, Co., 
Houston, TX); a signal integrator (Model 3390A, Hewlett Packard Corp., 
Avondale, PA) and a reverse phase HPLC column (p Bondapak C-18, 
39mm x 30cm, Waters Associates). 

Samples were accurately weighed into a Waring Blendor jar and 5g 
Celite 545 (Supelco, Reagent grade) and 100 ml methanol (Omnisolv, 
MCB Reagents, Gibbstown, NJ) were added. After mixing a t  medium 
speed for 4 min, the slurry was filtered on a Buchner funnel through 
Whatman No. 2 paper, the jar and the solids were rinsed with 50 ml 
methanol and the filtrate was diluted to 250 ml with methanol. The 
extract was transferred to a separatory funnel and partitioned by the 
addition of 100 ml 0.5N NaOH and 50 ml of a 1:l mixture of petroleum 
ether and ethyl ether mixture. The aqueous phase was transferred to a 
1,000 ml Erlenmeyer. The organic layer was gently washed with 15 ml 
0.5% N NaOH and then discarded. The aqueous extracts were combined, 
titrated to pH 2.0 with HC1 (1 + 1) and the total volume accurately 
determined. A 5 ml aliquot was then passed through a Millipore filter 
(EHWP 01300, Milipore Corp., Bedford, MA) and 20 p1 were injected onto 
the HPLC column with mobile phase flowing a t  1.0 mllmin. Column 
effluent was monitored a t  254 nm. Analysis of an IMF model prepared 
with 0.2% K-sorbate showed excellent recovery values, (0.199 + 0.01)% 
K-sorbate, n = 8. 

Microscopy Studies 

Nomarsky microscopy (Peil 1982) was used to observe the general 
appearance of coated samples as well as to estimate coating thickness. 
Samples embedded in Paraplast (Sherwood Medical Industries, North 
Brunswick, New Jersey) and frozen in CO, were sliced into 10 microns 
sections and placed immediately on glass slides. To prevent artifacts 
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caused by dehydration, samples were kept in a constant humidity cham- 
ber (over saturated BaC1,) and examined within 24 h. 

RESULTS AND DISCUSSION 

Permeability experiments 

Uncoated cellulose sorbic acid permeability measurements, a t  an ini- 
tial concentration differential of 10 mg sorbic acid/ml solution, gave an 
average value K, = (4.7 + 0.1)x102 (mgh cm2)/(mg/ml), n = 5. Zein coated 
cellulose determinations, shown in Fig. 4 showed a concentration depen- 
dence. The effectiveness of zein films was evaluated by comparing experi- 
mental K-values, for coated and uncoated cellulose, obtained a t  the same 
initial concentration difference (10 mg sorbic acidlml solution). The val- 
ues were: 

K, = 4.7 x (mgh cm2)/(mg/ml) 
K, = 1.5 x (mgh cm2)/(mg/ml) (from Fig. 4) 
x, = 0.003 cm (product specification) 
x, = 0.00088 + 0.00012 cm (SEM determination) 

Substituting these values in Eq (19) we found zein films diffusion values 
for transport of sorbic acid 1,000 times lower than the cellulose film. 

FIG. 4. VARIATION OF K-VALUES AS A FUNCTION O F  INITIAL K-SORBATE CON- 
CENTRATION DIFFERENCE 
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Microscope Studies 

Photomicrographs in Fig. 5 show the IMF model with a continuous 
coating and minimal thickness variation. Thickness measurements, (n = 
10) showed that each successive application resulted in similar thickness 
increments (12.0, 14.5, 11.5; average = 12.7 microns). 

Sorbic Acid Determinations 

Sorbic acid determinations showed variation in the amount of sorbic 
acid deposited on each individual sample as shown in Table 3. Controls 
indicate that this variation was not due to sample handling during 
fractionation into a surface and a core fraction. Data were normalized to 
solve this variation. Sorbic acid core concentrations were divided by the 

a. Uncoated control (OX1 

12.0 5 2.3 microns 

b. One zein spray application 11x1 

26.5 2 0.9 microns 38.0 5 1.8 microns 

c. T w o  zein spray applications (2x1 d. Three zein spray applications (3X 

FIG. 5. NOMARSKY MICROSCOPY STUDIES a. uncoated control b. one zein spray ap- 
plication [lX], thickness = 12.0 * 2.3 microns c. two zein s ray a plications [2Xl, thick- 
ness = 26.5 * 0.9 microns d. three zein spray applicat~ons P~x], tgckness = 38.0 * 1.8 
microns 
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Table 3. Total sorbic acid deposited on each individual IMF cheese sample 

TIME, h POOLED SAMPLES, mg RECOVERY CONTROLS, mg b 

Corresponds to uncoated and coated samples 
Controls to determine if losses had occurred during fractionation 
n = number of samples 

total amount deposited on each individual piece. Normalized values were 
then plotted as a function of sampling time and surface treatment. As 
shown in Fig. 6, zein coatings reduced sorbic acid core concentrations 
significantly. This reduction represents the diffusion rate reduction into 
the food of sorbic acid deposited on the surface due to the barrier proper- 
ties of zein films. Moreover, the thickness, i.e., the number of zein spray 
applications had also a strong effect. 

Apparent diffusion coefficients for sorbic acid in the food model and zein 
coating were evaluated using data from Fig. 6. The following assump- 
tions were necessary: (1) Experimentally determined average core con- 
centrations were assumed to represent the concentration in the center of 
the food piece. This is valid when the core sample is small. In our case it 
was 115 of the food piece, or about 1 g. (2) Solutions for unidimensional 
diffusion in an infinite slab were assumed valid for the analysis of our 
disk shaped samples (r = 1.3 cm, h = 1 cm) with diffusion occuring from 
every surface. This simplification was possible because edge effects were 
eliminated during sample fractionation, i.e. by obtaining a core piece 
shaped as a smaller disk (r = 0.8 cm, h = 0.5 cm). 
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FIG. 6. SORBIC ACID DISTRIBUTION STUDIES Effect of coatings on normalized core 
concentrations defined as core concentration divided by total amount deposited on each 

individual piece. Experiment was run in duplicates, lines have been drawn through aver- 
age values. 

Center conditions can be evaluated using Gurney-Lurie graphs (Adams 
1954, p. 36). Therefore, we defined: 

a. Y = an unaccomplished - - core concentration change 
Y = (C - C)IC 
C = core concentration - 
C = average overall concentration 
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b. X = a relative time 
X = Dft/r,2 
r, = half thickness = 0.5 cm (20) 
t = time, seconds 
D, = food apparent sorbic acid diffusion constant, cm2/s 

c. m = a resistance ratio 
m = (Dfrf)l(Dcr,> (2 1) 
rc = coating thickness = 0.0012 cm [for 1X samples) 

= 0.0038 cm [for 3X samples) 
Dc = coating apparent sorbic acid diffusion constant, cm2/s 

Determinations were done a t  various time intervals, with individual 
values summarized in Table 4. Calculated average values for the appar- 
ent diffusion coefficients for sorbic acid in the food model were (1.0 * 0.1 
xlO", n = 6), and in the coating (3.3 + 0.7 x109, n = 5) and (6.8 * 0.9 x 
109, n = 6) cm21s for samples coated 1 and 3 times, respectively. 

The value obtained for the uncoated IMF model, 1 x 106 cm2/s, agrees 
well with the one obtained by Guilbert et al. (1983). Their value, deter- 
mined in an IM agar model a t  the same %, 0.88, was 2.0 x10"cm2/s. 

The calculated Dm, ratios were 300 (lx) and 150 (3x). A ratio of 1,000 
was obtained in the permeability cell experiments, comparisons based on 
cellulose film. The difference may be due to several factors. The surface of 
the IMF model is rich in topographical features such as pores, valleys, 
etc., which makes it more difficult to cover than cellulose. Second, the 
assumptions made to analyze Fig. 6, unidimensional diffusion and mea- 
sured core concentration representing the situation in the piece center, 
introduce errors leading to lower D values. The values are however quite 
comparable given the orders of magnitude of diffusion reduction with 
respect to cellulose. 

CONCLUSIONS 

The use of high surface K-sorbate concentrations required the develop- 
ment of a coating acting as a diffusion barrier. A zein coating was 
identified through permeability cell experiments as an acceptable edible 
diffusion barrier. Sorbic acid distribution studies confirmed the barrier 
properties of zein films. The effectiveness of zein films has also been 
confirmed by extensive microbiological tests (Torres and Karel1985). The 
performance of zein coatings in industrial practice remains to be deter- 
mined, although some literature information is available (Mendoza 
1975). 
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Table 4. Calculated apparent sorbic acid diffusion constant 

a. D values calculated from uncoated samples, [OX] 

time, h Y X 0 ~ x 1 0 ~ ~  cm2/sec 

10 0.84 0.15 0.9 

20 0.61 0.26 0.9 

40 0.37 0.50 1.1 

b. D values calculated from coated samples, [ l X ]  

time, h Y X M 2 D~ x lo9, cm /set 

60 0.46 0.85 0.55 4.4 

80 0.39 1.14 0.70 3.4 

100 0.35 1.42 0.75 3.2 

120 0.31 1.71 1.00 2.4 

140 0.18 1.99 0.75 3.2 

3.3 + 0.7 

c. D values calculated from coated samples, [3X] 

time, h Y X M 2 oC x lo9, cm /sec 
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ABSTRACT 

This paper explores the possibility of reducing surface pH to solve inter- 
mediate moisture foods microbial stability problems associated with local- 
ized surface condensations caused by temperature fluctuations. Surface 
pH reduction increases surface availability of  the most active form ofsorbic 
acid and other lipophilic acids used as preservatives. 

A negatively charged macromolecule was immobilized in the form of a 
food surface coating component while other molecules, particularly electre 
lytes, move freely. The effect on surface pH was described using a Donnan 
equilibrium model that predicted a permanent pH difference between 
surface and food bulk. The key parameters were electrolyte concentration 
and the concentration of charged groups on the macromolecule. A n  IMF 
model with low total electrolyte concentration was coated with a deionized 
mixture of A-carrageenan and agarose. Measured pH differential was 0.3 
to 0.5 pH units. Such a pH reduction resulted in a calculated 2.5 fold 
increase in the surface availability of the active form of sorbic acid as 
compared to food bulk conditions. 

INTRODUCTION 

Most intermediate moisture foods (IMF) are not affected by changing 
external environmental relative humidity conditions. These products are 
generally packaged in moisture proof materials. However, temperature 
fluctuations can result in extensive surface condensation problems 
(Torres 1984). As a consequence, surface microbial growth is then often 
observed. This possibility is not taken into account in tests conducted 
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under conditions of constant temperature and humidity (e.g., Hsu et al. 
1983; Bhatia and Muhadar 1982; Erickson 1982; Theron and Prior 1980; 
Hanseman et al. 1980; Flora et a1 1979; Pavey 1972; Anonymous 1972). 

Examples of unsteady state temperature situations abound in the pro- 
duction and commercialization of IMF. A typical situation is the tempera- 
ture pattern inside a food warehouse. Grundke and Kuklov (1980) 
reported fluctuations that were especially severe during the winter sea- 
son when energy was saved by turning the heating system on and off. A 
similar situation can be expected in a consumer's kitchen, where an air 
conditioning or heating system is turned on and off. The constant repeti- 
tion of these temperature cycles can result in severe microbial stability 
problems due to the repetitive creation of surface conditions with high 
water activity (a,). Another common situation is the transfer of products 
between environments with very different temperature, e.g., a heated 
warehouse to a railroad car, which in winter time could be 30°F colder. 
Condensations caused by evaporative cooling can raise local surface a, 
above the design safety value (Torres 1984). 

Improved stability of surfaces could be achieved by lowering surface 
pH. For lipophilic acids commonly used as preservatives, e.g., sorbic acid, 
surface pH reduction increases surface availability of the most effective 
form of the preservative (undissociated acid) (Eklund 1983; Motoki et ah 
1982; Akedo et al. 1977; Freese et ah 1973). 

Preliminary experimental work showed that food samples with a re- 
duced surface pH were capable of resisting surface growth significantly 
longer than untreated controls. In these tests, a non permanent pH 
difference between food bulk and food surface was achieved by inclusion 
of low molecular weight acids in a zein based coating described by Torres 
et al. (1985). Lactic acid was used in the example shown in Fig. 1. Samples 
were surface inoculated with Staphylococcus aureus S-6 and then stored 
a t  37OC and 87% RH. pH was measured with a surface pH electrode 
(combination electrode 39507, Beckman Instruments, Inc., Cedar Grove, 
NJ). These tests showed also that, as  soon as the pH difference disap- 
peared, rapid growth occurred. Diffusion was assumed to be the mecha- 
nism for pH equilibration. 

MODEL DEVELOPMENT 

Donnan Equilibrium Model 

The Donnan model for semipermeable membranes (Hiemenz 1977) can 
be used to analyze the possibility of establishing a permanent pH differ- 
ence and to identify the parameters which allow conditions for maximum 
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4 a 8 Days 2 b 4 

FIG. 1. PRELIMINARY EXPERIMENTAL WORK ON THE REDUCED SURFACE pH 
CONCEPT 

a. S. aureus S-6 counts on coated and uncoated sample 
A pH 4 zein coated samples 

uncoated control 

b. pH values as function of location and time for zein coated samples. 
sample surface pH 

A sample core pH 

pH difference. It describes the concentration differentials between two 
solutions created by the presence of a membrane separating them which 
is permeable to low molecular wieght electrolytes but impermeable to a 
charged macromolecule (Grignon and Scallan 1980; Scallan and Grignon 
1979; Donnan 1934,1924,1911; Donnan and Guggenheim 1932). It corre- 
sponds to the situation of a charged macromolecule (P-", z = number of 
charged groups), immobilized in the form of a food surface coating compo- 
nent, while other components, water and other solutes, particularly elec- 
trolytes (e.g., Na+ and C1-), are able to move freely from the food bulk to 
the surface, and viceversa (Fig. 2). This situation can be further sche- 
matized as indicated in Fig. 3, where M-M1 represents the theoretical 
membrane, M+ and X- are electrolytes and sides 1 and 2 correspond to 
the coating and food model, respectively. Using assumed molal concentra- 
tion values n, m, y and x, and the equilibrium constant for water (K,), the 
remaining expressions were derived from electroneutrality consider- 
ations. 
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Charged macromolecule 

Coating electrolytes 

Food electolytes 

FIG. 2. IMMOBILIZATION OF A CHARGED MACROMOLECULE TO ESTABLISH A 
PERMANENT pH DIFFERENCE BETWEEN SURFACE AND FOOD BULK 

COMPONENT MOLAL CONCENTRATION MOLAL CONCENTRATION 

M+ 

x- 

R+ 

OH- 

P- 2 

SIDE 1 1 SIDE 2 

FIG. 3. SCHEMATIC REPRESENTATION OF A SEMIPERMEABLE MEMBRANE 

Identification of parameters for the prediction of the pH difference between surface and food 
bulk. 
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Derivation of the pH Differential Expression 

The pH differential expression can be derived starting from the six 
particular cases of equilibrium deviations depicted in Fig. 4 (Hiemenz 
1977). All mirror image deviations were not considered since they would 
yield identical equations. We should also remember that (ayi = activity 
coefficients of component j; li indicates side i, i = 1,2; aj, = 1 for j = H,O): 

K, = equilibrium constant for water 

Applying the equilibrium condition to Case 1 (Hiemenz 1977): 

dG = P,-,, (dn,-,,I + c~ (dnOH-,,) + 
Px-/z (dnx-,) + @ OH-R (dnoH-/2) = 0 

From mass and electroneutrality considerations: 

dnx-ll = dnoH-ll dnx-12 = dnoH-12 = dn 

Therefore: 

- -1' M+ 

<- -- OH- -- H+ 

Case 1 Case 2 

,#+ )(- -- -- > .+I-> .+-/:: .+--I-> 
-> x- -- -, OH- -- OH- -- -> 

Case 3 Case 4 Case 5 Case 6 

FIG. 4. EQUILIBRIUM DEVIATIONS USED FOR THE EQUILIBRIUM ANALYSIS OF 
A SEMIPERMEABLE MEMBRANE. 
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But: 

pi = pi0 + RT l n a i  

Substituting in (5): 

a ~ - / 2  a O ~ - l l  = 

Similarly for cases 2 through 6 described in Fig. 4: 

a ~ + / 2  a 0 ~ - / 2  = a ~ + ~ l  a O ~ - / l  (12) 

There are four more equations than the number of variables. It is possible 
to eliminate four equations: e.g. (7, 8, 11 and 12). Only for algebraic 
simplicity we shall substitute activities (a,) by molal concentrations (m,). 
From equations (1, 2, 9 and 10) the following series of equations was 
obtained: 

Substituting the expressions shown in Fig. 3 we obtain: 

which can be rearranged to obtain: 

Substituting in (15) the following expressions derived from (14): 

y = Ax 

m = An 

we obtain: 
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This expression gives the distribution constant A for all permeable solu- 
tes in terms of the number of charges and the concentration of the 
charged macromolecule, the proton and the anion concentration, all in 
side 1. The approximation is valid under the pH and electrolyte concen- 
trations used in this study. The final expression is obtained by noting 
that by definition (Eq. 14) log A represents the pH difference between 
sides 1 and 2, i.e., between coated surface and food bulk in the case of our 
intended application. From Eq. (16) we obtain: 

log h = log y - log x = pH (food bulk) - pH (coating) (19) 

APPLICATIONS TO AN IMF MODEL 

IMF Model Requirements 

The key parameters in the expression for the pH difference between 
coated surface and food bulk are: electrolyte concentration and the num- 
ber of immobilized charged groups on the surface. This is further empha- 
sized in Table 1, which reports the calculated pH difference as affected by 
these two parameters and shows that significant ApH values can only be 
achieved in an IMF system with low electrolyte content. To prove the 
validity and potential application of the pH difference concept, an IMF 
model has to satisfy this condition. 

Selection of a Charged Macromolecule 

The ideal polyelectrolyte should have a large number of strongly disso- 
ciated groups. Solubility and ease of application should also be consid- 
ered. Several food grade polyelectrolytes satisfy these conditions, 
including pectic acid, xanthan gum, furcellaran and carrageenans. 

MATERIALS AND METHODS 

The IMF model chosen to test the feasibility of the surface pH modifica- 
tion was an IM cheese analog developed in this laboratory (Torres et aL 
1985; Motoki et aL 1982). To reduce total electrolyte content this product 
was reformulated as shown in Table 2. Glycerol (Certified A.C.S., Fisher 
Scientific Co., Fair Lawn, NJ) and sorbitol (Pfizer Co., New York, NY) 
were dissolved in warm water (about 50°C) with sorbic acid (Pfizer Co.) as 
the mycostatic agent. Electrolytes present in the proteins used, isolated 
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Table 1. ApH values as affected by the concentration of charged groups and the concentra- 
tion of electrolytes present in a food product 

Charged groups, [ M I  Electrolytes, [ M I  logi = APH 

zm a n 
P-2, 

0.001 0.0100 0.02 

0.0010 0.21 

0.0001 1.00 

0.010 0.0100 0.21 

0.0010 1.00 

0.0001 2.00 

"' equivalent to a macromolecule with z = - 10 and a concentration ranging from 0.0001 to 
0.001M, i.e. a molecule with m.w. = 10,000 used in the 1 to 10% range. 

Table 2. Composition of the low electrolyte IMF model 

Component 

Isolated soy protein 

Caseinates 

Hydrogenated vegetable o i l  

Emulsifier 

Glycerol 

Sorbi to1 

Sorbic acid 

watera 

Amount, g 

"' Moisture content reduced by air drying (Motoki et al. 1982). 
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soybean protein (ISP, Ajinomoto USA Co., New York, NY) and sodium 
and calcium caseinates (Erie Casein Co., Erie, IL), were eliminated by 
dialysis. Electrolyte removal was followed by electrical conductivity mea- 
surements (Model 10 conductimeter, Markson Science, Del Mar, CA). A 
NaCl standard curve was used to estimate electrolyte concentrations 
from electrolyte conductivity measurements. Measurements on the pro- 
tein solutions themselves were not possible because proteins are conduc- 
tive. Permeate measurements were used instead. The rest of the model 
preparation was as reported previously. 

Table 1 shows that significant pH differences between bulk food and 
treated surface are possible only when the total electrolyte concentration 
is kept below approximately 0.001M. This restriction was used to esti- 
mate protein dialysis requirements as follows. Protein concentration in 
the model system is 46.4 g/100 g water while in the dialysis experiment it 
was 7 gI100 g water. Assuming linearity between conductivity measure- 
ments and electrolyte concentration, an upper level of 0.001M represents 
a limit of 0.00015 M in the dialysis experiment. 

Three ISP batches were prepared, each consisting of a 7 g/l(100 g total 
protein) solution dialyzed against 20 1 deionized distilled water, which 
was changed as frequently as required. Batch A was an ISP solution 
dialyzed as is for 7 days a t  4OC. Batch B was a solution adjusted to pH 8, 
dialyzed for 4 days a t  4OC and then neutralized by dialysis against 0.0001 
M HC1. Batch C was an ISP solution dialyzed as is for 12 h at  60°C. 7 g/l 
(50 g total protein) Na- and Ca- caseinates solutions were dialyzed against 
6 1 deionized distilled water for 4 days a t  4OC. Dialyzed protein solutions 
were steamed for 15 min and then freeze dried. IMF samples were la- 
belled according to the ISP dialysis method. 

The polyelectrolyte chosen for experimental tests was A-carrageenan 
(Sigma Chemical Co., St. Louis, MO) incorporated in an agarose gel (Gel 
Electrophoresis Grade, BRL, Gaithersburg, MD) shown in Table 3. This 
polyelectrolyte was chosen for its solubility and high percentage of sul- 
fate groups - a strongly dissociated group (sulfuric acid dissociation 
constants: K, = .large, K, = 1.2 x102; Weast 1972, page D-121). Agarose 
was chosen as the coating forming matrix for its lack of charged groups 
which explains why its gelling properties are independent of pH and salt 
concentration, important considerations in our study. 

Best coatings were obtained when agarose was steamed for 30 min. 
Therefore, A-carrageenan could not be added to the formulation until 
afier heating. Sulfate groups can cause agarose- and self-hydrolysis as 
detected in preliminary experiments. Although 2 h in a water bath a t  
85OC did not affect sorbic acid stability significantly (Torres and Karel 
1984a), it is safer to add it after heating, immediately before use. As with 
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Table 3. Composition of the X-carrageenan coating 

Component Amount, g 

Deionized agarose 1.0 

Deionized carrageenan 

Sorbic acid 

Propylene glycol, 40% aq. soln. 96.8 

proteins, dialysis was used to eliminate electrolytes normally present in 
commercial reagent grade A-carrageenan and agarose. 1% solutions were 
dialyzed for 2 days a t  4OC and then freeze dried. 

About 5 g IMF samples were pressed into sterile 35 mm diameter 
disposable Petri dishes working under a laminar air flow hood. About 0.5 
ml of the A-carrageenanlagarose mixture was poured on top. Samples 
were then stored a t  35OC and 88% RH (over saturated BaC1,. Samples 
were then removed periodically and the pH difference between coated top 
and uncoated bottom was measured with the surface pH electrode. 

RESULTS AND DISCUSSIONS 

Dialysis experiments yielded fractions with the characteristics summa- 
rized in Table 4. The three dialysis conditions yielded ISP fractions with 
similar electrolyte levels. This information, composition data (Tables 2 
and 3) and Eq. (17 and 18) were used to estimate that IMF samples would 
have a food surface/food bulk pH difference of approximately 0.8 pH 
units. 

Experimentally a constant pH difference was not achieved instantane- 
ously (Fig. 5a, batch A, runs 1 and 2). About 3 to 4 days were needed to 
reach stable conditions. The final pH difference was 0.3 to 0.5 pH units, 
i.e., somewhat lower than the calculated value: 0.8. The difference most 
probably due to our assumption that the only electrolyte sources are the 
protein fractions. 

In Fig. 5a we have also represented the calculated percent of undisso- 
ciated sorbic acid (pK, = 4.8) corresponding to bulk and localized reduced 
surface pH conditions. The difference between these two curves visualizes 
the strong microbial stabilizing effect that can be achieved by reducing 
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Table 4. Electrolyte elimination by dialysis final permeate conductivity measurements 

Ingredient Conductivity Equivalent NaCl 

[mi cromho] [MI x 

ISP, batch A 30 - 40 

batch B 20 

batch C 18 

Na-caseinate 2 

Ca-caseinate 2 

A-carrageenan -2 

surface pH. The pH conditions established on the surface have more than 
doubled the concentration of the undissociated, i.e., the active, form of the 
preservative. 

I t  should be noted that bulk acidification is not always feasible. In most 
products it will adversely affect its organoleptic acceptability (e.g., Mo- 
toki et al. 1982). This incompatibility between enhanced microbial stabil- 
ity and organoleptic quality, typical of IMF technology limitations, could 
be solved, in some cases, with surface pH reduction. 

ISP from batches B and C were used for longer testing periods with the 
ApH values (after day 4) shown in Fig. 5b. Based on conductivity mea- 
surements the similarity to Fig. 5a was expected, and confirms the 
prediction power of the Donnan equilibrium model. 

As indicated the pH difference disappeared 25 days after surface treat- 
ment. At the same time, growth of unidentified bacteria and fungi was 
observed. Multiple samples taken a t  day 31 confirmed this finding. As 
shown in Fig. 5 stable pH conditions had already been established, 
therefore the most likely explanation has to be microorganisms contami- 
nating the model during preparation. It should be noted that a t  testing 
conditions food bulk is by design not stable. Only the surface is affected 
by the proposed treatment. 

Additional studies also reported (Torres and Karel 1985) showed that 
surface pH reduction increased surface microbial stability. Under condi- 
tions allowing microbial outgrowth, a, = 0.88, RH = 88%, T = 35OC, 
%sorbic acid = 0.22, samples challenged with Staphylococcus aureus S-6 
were stable for 20 or more days. 
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F ~ G .  5. H DIFFERENTIAL ESTABLISHED BY THE APPLICATION OF A 
A-CARRA~EENAN/AGAROSE COATING ON THE REDUCED ELECTROLYTE 

CONCENTRATION IMF MODEL, AND CALCULATED EFFECT ON THE 
AVAILABILITY OF UNDISSOCIATED SORBIC ACID 
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ABSTRACT 

Localized surface condensations affect microbial stability of intermediate 
moisture foods (IMF). Two surface modifications previously reported were 
tested for their ability to improve microbial surface stability; control of 
surface preservative concentration and reduced surface pH. 

The effectiveness of a high surface sorbic acid concentration controlled by 
a zein coating was confirmed in Staphylococcus aureus S-6 surface chaL 
lenge experiments under extreme testing conditions. Samples with bulk 
water activity (a3 of 0.88, stored at 30°C under constant 88% relative hu- 
midity (RH) remained stable for over 16 days. Uncoated controls were stable 
for only2 days. Samples with bulk a, = 0.85, exposed to cycles of 12 h at85% 
RH and 12h at 88% RH, remained stable for more than 28 days. Uncoated 
controls were stable for only 3 days. 

The reduced surface pH approach to microbial stability required the for- 
mulation of an IMF model with low total electrolyte concentration which 
was coated with a deionized mixture of )\-carrageenan and agarose. The 
effectiveness of the resulting 2.5 fold increase in the surface availability of 
the active form of sorbic acid as compared to food bulk was confirmed in a 
challenge test with S. aureus S 6 .  In a test with samples at a, = 0.88, stored 
at RH = 88% and 30°C, we found a stability period of about 20 days and it 
seems possible to increase it. 

Journal ofFood Processing and Preservation 9 (1985) 107-119. All Rights Reserved 107 
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INTRODUCTION 

One of the problems in the development of commercial IMF is the diffi- 
culty in achieving the desired water activity (G) and at  the same time 
satisfying the many organoleptic and safety restrictions (Torres et al. 
1984a; Troller and Christian 1978). Moreover, once a formulation is found 
to satisfy a design criteria, it is not always possible to include safety mar- 
gins protecting against abuse. This is particularly true of the changing 
temperature conditions common to food production and distribution. An 
analysis of these situations (Torres 1984) showed that they result in local- 
ized surface condensations. These moisture gains disrupt the delicate bal- 
ance provided to maintain microbial stability and surface microbial 
growth is often observed. This possibility has been mostly ignored by re- 
searchers working on this field, who have tested IMF's under conditions of 
constant temperature and humidity conditions (e.g., Hsu et aL 1983; Bha- 
tia and Mudahar 1982; Erickson 1982; Theron and Prior 1980; Hanseman 
et al. 1980; Flora et al. 1979; Pavey 1972; Anonymous 1972). The approach 
in our studies (Torres et al. 1985a, b) has been to consider the surface as a 
separate region whose stability has to be considered independently from 
the bulk of the product, and to develop treatments that would enhance 
surface microbial stability. The modified properties should inhibit, or a t  
least reduce, microbial growth to such an  extent that water diffusion into 
the food bulk will occur before high cell concentrations are achieved. 

We explore two approaches for improving surface stability: (1) Use of 
high concentrations of preservative on the surface. A coating maintains 
this concentration difference for as long as possible. The preservative se- 
lected for our studies was sorbic acid and its potassium salt; the coating 
found to satisfy our requirements was an ethanol zein solution (Torres et 
al. 1985a). The IMF model used (IMF model No. 1) was an IM cheese analog 
previously developed in our laboratories (Motoki et al. 1982). (2) Create a 
surface microenvironment where pH is lower than that of the food bulk. 
Most food preservatives, particularly sorbic acid, are lipophilic acids 
whose effectiveness is pH dependent (Eklund 1983; Motoki et al. 1982; 
Akedo et al. 1977; Freese et al. 1973). A A-carrageenanlagarose based coat- 
ing can be used to establish a permanent pH difference, 0.3 to 0.5 pH units, 
when applied on an  IMF model with low total electrolyte concentration, 
about 0.005M (Torres et al. 198513). This reduction was used to predict a 2.5 
fold increase in the availability of the active undissociated form of the 
preservative as compared to bulk food pH conditions, 6.1. The IMF model 
was the IM cheese analog modified to reduce total electrolyte concentra- 
tion (IMF model No. 2). 
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This paper reports microbial surface challenge studies, under extreme 
testing conditions, on IM samples with the surface treatments described 
above. 

MATERIALS AND METHODS 

Controlled Surface Preservative Concentration Sample Prepara- 
tion 

Table 1 shows the component of a cheese analog, IMF model No. 1, whose 
preparation has been reported previously (Motoki et aL 1982; Torres et aL 
1985a). The initial water content is 100m1/100g solids and is reduced to the 
desired a, by blowing warm air into the food cutter bowl. The mixture was 
then stuffed into a cellulose casing (Type 30F0, Union Carbide, Tarrytown, 
NY) with a hand press. Thereafter, casings were placed into seamless 
polyvinylidene chloride casing tubes (diameter 40 mm, Kreha Chemical 
Co., Tokyo, Japan) and pasteurized for 2 h in a water bath kept a t  85OC. A 
long heating period was used to eliminate all vegetative cells present in 
the ingredients or accumulated during the long preparation procedure. 

Table 1. Composition of IMF model No. la 

INGREDIENT 

Isolated soy protein 

Na-caseinate 

Ca-caseinate 

Hydrogenated vegetable o i l  34.0 

Decaglycerol monooleate 0.4 

Salt 4.8 

Glycerol 5.9 

Sorbi to1 19.3 

K-sorbate variable 

" The initial water content is 100 m11100g solids and is reduced to the desired a, by blowing 
warm air into the food cutter bowl (Motoki et al. 1982). 
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After cooling, pH was determined with a surface electrode probe (combina- 
tion electrode 39507, Beckman Instruments, Inc., Cedar Grove, NJ). Cas- 
ings were then carefully removed under a laminar air flow hood and the 
cylinder thus obtained was cut into disks. Each disk was placed on a sterile 
dissecting needle and stored in a constant RH chamber, maintained a t  88 
or 85% RH by the use of saturated solutions, BaCl, or Sr(NOJ2, respectively. 
The chamber itself was kept in circulation by the use of a fan. Zein ethanol 
solutions with the composition given in Table 2 were used to prepare spray- 
coated samples. Uncoated samples were separated for control purposes. To 
avoid artifacts caused by residual ethanol, samples were stored in the 
constant humidity chamber for a t  least twelve hours. Thereafter, coated 
and uncoated samples received a surface application of sorbic acid by 
spraying them with a 10% preservative solution in ethanol (190 proof) 
equivalent to an  additional 0.2% K-sorbate. Spraying conditions were de- 
termined experimentally as follows: several samples were coated with zein 
and then sprayed with the sorbic acid solution. Sorbic acid determinations 
were represented then as a function of spraying time. The sprayer used 
was hand held 125 ml glass atomizer (Fisher Scientific, Pittsborough, PA). 
To eliminate residual ethanol samples were stored in the constant RH 
chamber for at  least another twelve hours. Various samples were used to 
determine whether a, changes had occurred using an electric hygrometer 
(SINA Equihygroscope, distributed by Beckman Instruments Inc.). 

S. aureus S-6 stocks used in the microbial challenge studies were kept in 
brain heart infusion (BHI, Difco, Detroit, MI) agar tube slants at  refrigera- 
tion temperature. Fresh cultures were prepared approximately every two 
weeks. An inoculation stock was prepared by transferring cells from the 

Table 2. Zein coating solution 

Component %, W/W 

Glycerol  0.25 x 

Myvacet 1 

ethanol ,  190 proof (balance) 

" Acetylated monoglycerides (Eastmen Kodak Co., Rochester, NY). 



SURFACE MICROBIAL STABILITY IMPROVEMENT 11 1 

slants to BHI broth. After incubation a t  30°C to mid-log phase (approxi- 
mately 120-160 Klett units) the broth was diluted 100 times with 40% 
glycerol to reduce a, and cell concentration. Samples were dipped in this 
cell suspension, then placed in individual Petri dishes and stored in dessi- 
cators a t  85 or 88% RH and 30°C. For control purposes some samples were 
not inoculated. Preparation of media, dilution and plating procedures were 
according to standard microbiological methods (AOAC 1976). A procedure 
to determine location of growth was included to determine if it was possible 
to assume that the bulk of inoculated samples remained sterile, and there- 
fore cell numbers obtained could be expressed as surface growth, i.e., as 
cells/cm2. 

Samples were used in the following studies: (1) Not inoculated samples 
after various surface treatments were used to determine background mi- 
crobial load, i.e., final sample sterility. All samples were stabilized with 
0.1% K-sorbate. Some samples received a surface application equivalent to 
an  additional 0.2%. Bulk a, was 0.88 and storage conditions were 88% RH 
and 30°C. (2) Inoculated samples, with various surface treatments and 
bulk a, 0.88, were stored a t  30°C and 88% RH. Samples that had shown 3 to 
4 log cycles increases above inoculation level, i.e., after 11 days, were 
peeled to separate a surface and a core fraction. All samples contained 
0.1% K-sorbate. In addition some samples received a surface application 
equivalent to an  additional 0.2%. Separate counts were determined for the 
surface and the core fraction to determine growth location. (3) Inoculated, 
uncoated samples with sorbic acid added to the surface were used as posi- 
tive controls. Information on samples without surface sorbic acid has al- 
ready been published (Motoki et aL 1982). (4) Inoculated, zein coated 
samples with sorbic acid added to the surface were used to determine 
coating effectiveness. Two sets of experiments will be reported. In the first 
one, samples with bulk a, = 0.88 were stored a t  30°C and 88% RH, and in 
the second, samples with bulk a, = 0.85 were stored a t  30°C and exposed to 
12 h cycles of 85 and 88% RH [over saturated Sr(NO,), and BaCl,, respec- 
tively]. Based on the paper by Motoki et aL (1982) we knew that a, = 0.88 
allowed rapid S. aureus outgrowth when only 0.3% K-sorbate was present. 

Reduced Surface pH Sample Preparation 

The IM cheese analog was modified to test the surface microbial stability 
enhancement of a A-carrageenan/agarose coating previously described 
(Torres et al. 1985b). Elimination of electrolytes resulted in the composi- 
tion given in Table 3, with a total electrolyte content approximately equal 
to 0.005M. About 5 g of pasteurized sample, prepared as described by 
Torres et al. (198513) were pressed into sterile 35 mm diameter disposable 
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Table 3. Composition of IMF model No. 2 

Component Amount, g 

Isolated soy protein, deionized a 26.1 

Caseinates, deionized 7.9 

Hydrogenated vegetable o i l  34.0 

Emulsifier 1.6 

Glycerol 5.9 

Sorbi to1 47.0 

Sorbic acid 0.4 

Water b 

" Three deionized ISP batches were prepared as reported by Torres et al. (1984b) and labelled 
A, B and C. 

The initial water content is 100 mYlOOg solids and is reduced to the desired a, by blowing 
warm air into the foot cutter bowl (Motoki et aL 1982). 

Table 4. A-Carrageenan coating composition 

Component %, w / w  

Agarose, deionized 1.0 

A-carrageenan, deionized 1.0 

Sorbic acid 1.2 

Propylene glycol, 40% aq. soln. (balance) 
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Petri dishes, working under a laminar air flow hood. About 0.5 ml of a X- 
carrageenanlagarose with the composition given in Table 4 was poured on 
top. After coating gelling and a ApH equilibration period of about 4 days 
(Torres et aL 198513) samples were inoculated with 0.1 ml of a S. aureus cell 
suspension a t  a, 0.88 and then stored a t  30°C and 88% RH (over saturated 
BaC1,). Samples were removed periodically for microbial count determina- 
tions following procedures described previously. Three IMF sample runs 
were prepared and labelled according to the isolated soybean protein (ISP) 
fraction used, i.e., A, B and C. The preparation of these ISP fractions have 
been reported previously (Torres et al. 1985b). 

EXPERIMENTAL RESULTS 

Controlled Surface Preservative Concentration 

Background microbial load tests for various surface treatments have 
been summarized in Table 5. Cell counts did reach detectable counts after 
approximately a week storage for uncoated samples and only much later (2 
to 3 weeks or more) for coated samples. The difference seems to indicate 
that sample cores were free of contaminants and that surface contamina- 
tion occurred during sample preparation andlor sample removal. Since the 
surface of coated samples had enhanced growth inhibiting properties, it is 
to be expected that they will have lower counts for longer periods of time. 

Coated and uncoated inoculated samples that had shown 3 to 4 log cycles 
increases above inoculation level, were used to determine if growth was 
occurring only on the surface of food samples. Table 6 shows that it is safe 
to assume that growth is limited to sample surface. Significant cell num- 
bers were detected in the core, but they represent most probably an exper- 
imental artifact. It is very difficult to separate a sterile core from a heavily 
contaminated surface without cross-contamination. This operation was 
slightly more difficult for coated samples due to the mechanically stronger 
zein coating. 

Coating effectiveness was determined first in tests a t  high relative hu- 
midity. These tests correspond to samples with bulk a, = 0.88, stored at  
30°C and constant 88% RH. To allow for comparisons between different 
treatments a stability limit was defined as follows: samples are no longer 
considered stable if cell counts are one cycle above inoculation level. At 
this point, it is important to mention that cell numbers, reported as time 
zero inoculation levels, were obtained about 4 h after inoculation (Fig. 1). 
That is why, inoculation levels for effective surface treatments, those that 
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Table 5. Microbial background load tests: number of days before not-inoculated samples 
reached detectable countsa 

Treatment days 

Uncoated 6.5 

Uncoated 
W/ .2% sorbic acid added as dip 6.5 

Coated w/ 3 20% zein solution dips 
W/ .2% sorbic acid added as spray 16.0 

Coated w/ 3 12% zein solution dips 
W/ .2% sorbic acid added as spray 16.0 

" About 1,000 cells/cm2 

even show initial bactericidal effects, are lower than those obtained for 
positive controls. Therefore we have chosen as initial inoculation values 
those measured for positive controls. 

Figure l a  shows the effectiveness of samples coated by dipping in 20% 
zein solutions. The stability period can be estimated as being between 5 
and 8 days. There is also a significant bactericidal effect during the initial 
storage period. Figure l b  shows the stability tests of samples coated by 
spraying them 3 times with 12% zein solutions. The stability period has 
increased to about 10 to 16 days. 

Table 6. Location of growth tests: comparison of surface and core fraction counts 

Treatment Surface Core 
counts counts 

lo7 lo5 
Uncoated 6.7 2.6 

Uncoated 
W/  .2% sorbic acid as dip 

Coated w/ 8-12-202 zein dips 
W/  .2% sorbic acid as dip 24.0 140.0 

Coated w/ 3 12% zein dips 
W/ .2% sorbic acid as dip 16.0 25.0 
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FIG. 1. STABILITY TESTS Samples were taken in duplicates or triplicates and individual 
determinations have been plotted as a function of time. Lines have been drawn through 

maximum and minimum values. The horizontal line represents the stability limit defined 
in the text. Empty symbols are used to indicate whenever no counts were detected, i.e. under 

1,000 counts/cm2. 
[A A I: coated samples; [ 1: uncoated controls (a.) zein dip coated samples, bulk a, = 0.88, 

challenged with Staphylococcus aureus S-6. Storage a t  30°C under constant 88% RH 
conditions. (b.) zein spray coated samples, bulk a, = 0.88, challenged with Staphylococcus 
aureus S-6. Storage a t  30°C under constant 88% RH conditions. (c.) zein dip coated sam les, 
bulk a, = 0.85, challenged with Staphylococcus aureus S-6. Storage a t  30% under cyceng 
RH conditions, 12 hours a t  88 and 12 hours at  85% RH. (d.) zein spray coated samples, bulk 
a, = 0.85, challenged with Staphylococcus aureus S-6. Storage a t  30°C under cycling RH 

conditions. 12 hours a t  88 and 12 hours at  85% RH. 
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Coating effectiveness was also determined in tests with cycles of low and 
high relative humidity. Samples with bulk a, = 0.85, stored a t  30°C, were 
exposed to cycles of 12 h a t  85% RH and 12 h a t  88% RH. Figure l c  shows 
the effectiveness of samples coated with 20% zein dips, a repetition of 
preparation conditions reported in Fig. la .  The only difference was that 
storage conditions tested were less demanding. The change in bulk a, and 
storage RH conditions resulted in an increased stability period: 10 to 15 
days. Finally, Fig. Id  shows the stability tests of samples sprayed with 12% 
zein exposed to the RH cycle. In this case the stability period seems to be 
longer than, or about the length of the testing periods, 28 days. 

Further analysis of the microbial tests reported here indicate that spray- 
ing of zein solutions on food samples is a more effective treatment than 
dipping. The exact nature of this difference was not determined. 

Microbial tests showed large differences between individual experimen- 
tal replicates. The cause behind this variation has been traced to variabil- 
ity in the amount of sorbic acid deposited on coated surfaces (Torres and 
Karel1984). 

Samples with bulk a, = 0.88 and pH = 6.4, stored a t  constant 88% RH 
and 30°C represent extreme testing conditions (Motoki et al. 1982). Such 
conditions were chosen to accelerate testing time. 

Samples with lower bulk a,, 0.85, challenged with cycles of low and high 
RH, 85 to 88%, RH, 12 h cycles, resulted in significantly longer stability 
periods. This cycling test was an  approximation to situations found in 
commercial distribution of IMF's. Unfortunately, no model is available to 
extrapolate from these results, the consequences of other abuse conditions. 
Only qualitative comments are possible. 

The severity of the above tests should not be underestimated. Surface 
challenge conditions, in terms of a,, pH and temperature were capable to 
support outgrowth of S. aureus (Motoki et aL 1982). The only hurdle was 
the high concentrations of sorbic acid existing on the surface of coated 
samples. 

Reduced Surface pH 

The use of reduced surface pH conditions required the development of a 
mathematical model based on the Donnan equilibrium theory for semiper- 
meable membranes. This model was capable of predicting the experimen- 
tal requirements for reduced surface pH conditions: low total electrolyte 
concentration and a coating immobilizing a large polyelectrolyte (Torres et 
aL 198513). 

After pH equilibration, samples were inoculated with S. aureus S-6. 
Inoculated uncoated samples were used as positive controls. Figure 2 



SURFACE MICROBIAL STABILITY IMPROVEMENT 117 

FIG. 2. STABILITY TEST: EFFECT OF REDUCED SURFACE pH A-carrageenan/ agarose 
coated samples, bulk a, = 0.88, challenged with Staphylococcus aureus S-6. Storage at 30°C 
under constant 88% RH conditions. Experiment was run twice in duplicates [ , A I. Lines 
have been drawn through maximum and minimum values and should be compared with 

uncoated controls . LO] 

shows the results from batch A and visualizes the strong stabilizing effect 
of reduced surface pH. We have estimated that as a result of the treatment 
the availability of undissociated sorbic acid, the effective form of the pre- 
servative, is 2.5 times higher on the surface than in the food bulk (Torres et 
al. 1985b). ISP from batches B and C were used for more extended micro- 
bial tests. Growth occurred only after 21 days after inoculation, i.e., 25 
days after surface treatment. Growth of unidentified bacteria and fungi 
was observed. At the same time, the pH difference disappeared. Multiple 
samples taken a t  day 27 confirm this finding. The observation could not be 
interpreted as a ApH disappearance caused by a "pH equilibration" be- 
tween surface and food bulk (Torres et al. 1985b). Most likely, the explana- 
tion lies in unavoidable microbial contamination collected during the long 
sample preparation process, particularly while pressing samples into Petri 
dishes under the laminar air flow hood. It should be noted that at  testing 
conditions food bulk is not stable, only the surface is affected by our treat- 
ment. 
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Note also that extreme testing conditions were used: bulk a, = 0.88,88% 
RH, bulk pH = 6.1, storage temperature = 30°C and sorbic acid = 0.22% 
(wlw). The only hurdle to microbial growth was the reduced surface pH 
condition. 

CONCLUSIONS 

Improved microbial stability was achieved when zein coatings were ap- 
plied to IMF model No. 1. This result is consistent with predictions based 
on permeability cell experiments and sorbic acid distribution studies pre- 
viously reported (Torres et al. 1985a). It is important to note that the 
successful challenge studies reported here utilized coatings only 0.03 to 
0.04 mm thick (Torres et aL 1985a). It remains to be determined what the 
maximum organoleptically acceptable value could be. 

Coating a low electrolyte IMF model with a A-carrageenanlagarose coat- 
ing improved microbial stability as predicted from pH measurements pre- 
viously reported (Torres et al. 1985b). The possibility of increasing 
polyelectrolyte concentration to overcome the need to reduce electrolyte 
concentration, a t  least to some extent, will be explored in future studies. 
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ABSTRACT 

Rice flour and varying amounts (1 0-35%) of deboned minced carp were c e  
extruded resulting in  a precooked blend that developed no detectable off-  
odors after being stored at room temperature for up to six months. In  
addition, the extrudates, along with nonextruded rice flour, were made into 
pakodas, a fried Indian snack food Sensory triangle test data showed that 
up to 25% carp could be added before a statistical difference was noted 
Hedonic sensory data demonstrated that consumer acceptable products reL 
ative to pakodas appearance, aroma, flavor, texture and overall acceptabiL 
ity can be made even at carp addition levels o f  up to 35%. 

INTRODUCTION 

Fish represents a food of good nutritional quality but because of its 
extreme perishability, a large portion of the world fish catch is lost. There- 
fore, fish preservation is an  area of major concern. A major advantage of 
thermal food extrusion is that a room temperature shelf stable precooked 
product can be produced. 

From a nutritional standpoint, the practice of blending foods is en- 
couraged. Examples include the blending of various cereals and legumes. 

In many parts of the world, carp (Cyprinus carpio) is a highly desirable 
species, and in these same areas, rice is usually the major cereal crop. The 
protein content of rice is relatively low (6-9%) while that of carp is signifi- 
cantly higher. To date, the authors are aware of only one investigation 
where fish has been coextruded (Murray et al. 1980). Defatted soy flour and 
minced Atlantic cod were successfully coextruded, but a Canadian taste 
panel found the resulting product to have an objectionable fishy flavor. 

Therefore, the primary objective of this study was to evaluate the influ- 
ence of extruded carp and rice flour ratios on the consumer acceptability of 
a popular Indian rice flour-based snack food (pakodas). 
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MATERIALS AND METHODS 

Ingredients 

Commercial white rice flour was obtained (Comet Rice Mills, Inc., Hous- 
ton, Texas). 

Local lake carp averaging 3 kg each were netted and held live in fresh 
running water for 10 days to reduce muddy odor and taste. They were 
filleted, resulting in yields of 25-30% based on whole fish weight. The flesh 
was mechanically ground through a 0.63 cm hole plate using a household 
meat grinder. The minced flesh was combined and frozen a t  -36OC in 1 kg 
packages until used. 

Proximate Analysis 

Moisture, fat and protein were determined for the rice flour and minced 
carp (AOAC). A protein conversion factor of 5.95 was used for rice and 6.25 
for fish. The same analyses were performed on the extrudates as well as for 
prepared pakodas with proportional protein conversion factors utilized. 

Extrusion Formulations 

Based on initial rice flour and carp moisture contents, a series of samples 
containing from no carp (control) to 10,15 and 20% minced carp was made. 
The moisture content of the mixtures was adjusted to a total of 25% since 
preliminary extrusion runs indicated that products having moisture con- 
tents in excess of 30% were difficult to process. Potential protein denatura- 
tion was not considered. To increase the proportion of fish above 20%, the 
moisture content of the minced fish was reduced to 50% by baking 1 kg 
units a t  120°C for 40 min. Using this cooked product, additions of 25, 30 
and 35% carp to rice flour were made. Two kilogram flour/fish/water mix- 
tures were blended in a 20 liter Model B20T Blackslee vertical mixer 
equipped with a wire ship. Mixing was for 5 min a t  speed 1, and 15 min a t  
speed 2. A summary of all formulations used for extrusion are presented in 
Table 1. 

Extrusion 

A Model PL-V500 Brabender Plasticorder extruder equipped with a 311 
screw and a 0.5 cm die was used. The unit was operated a t  150 RPM with a 
barrel temperature of 150°C. Each of the seven formulations shown in 
Table 1 was extruded on three consecutive days in a sequential fashion for 
a total of 21 runs. 
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Table 1. Extrusion formulations* 

% % 1C 

Variable Rice Flour Carp/Form Added Water .- 

1 100 O/raw 14  

7 6 5 35Icoo ked 0 

* All formulations had calculated total moisture contents of 25% prior to extrusion. 

Extrudate Drying, Grinding and Storage 

The extrudates were collected and permitted to air dry for 24 h. Samples 
were ground in a Model 4 Wiley laboratory mill through a 1 mm opening 
screen. Representative samples of the ground products were placed in 
Mason jars, sealed, and stored a t  either -36°C or 22°C for up to six months 
for flavor evaluation. A sample of nonextruded rice flour was also sub- 
jected to these same storage conditions. 

Pakodas Formulation 

A standard recipe for pakodas, as shown in Table 2, was used. The ingre- 
dients were blended into a batter, 10 g units added to 210°C cooking oil, 
and fried for 2.5 min. The snacks were removed from the oil, drained on 
paper towels for one minute, and presented to the panel. The seven ex- 
truded products. shown in Table 1, along with a nonextruded rice flour 
control, were formulated in pakodas. 

Sensory Panel Makeup and Evaluation 

A group of 22 Indian students andlor spouses familiar with pakodas 
attending Colorado State University was used as the panel. They included 
15 males and 7 females, and ranged in age from 20 to 46. 
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Table 2. Pakodas recipe 

100 g r i c e  f l o u r  o r  ground extrudate  

100 g water 

2 g s a l t  

0.5 g ground black pepper 

40 g f i n e l y  chopped onions 

10 g f i n e l y  chopped green Bell pepper 

The same group was used to evaluate the odor properties of the eight 
samples placed in storage. Ground samples were presented at  0, 3, and 6 
months of storage and the panel asked to describe any objectionable odors. 

Freshly prepared pakodas were evaluated by the panel using standard 
procedures for the triangle test (Amerine et al. 1965). In addition, separate 
samples of each variable, including the nonextruded and extruded 100% 
rice flour controls, were evaluated for their appearance, aroma flavor, 
texture, and overall acceptability using standard procedures for a seven 
point hedonic scale (Amerine et al. 1965). Data were statistically evaluated 
using standard tables associated with each of these sensory tests (Amerine 
et al. 1965). 

RESULTS AND DISCUSSION 

Proximate Composition 

As seen in Table 3, the rice flour used had an  initial moisture content of 
11.0% and a protein content of 6.9%, whereas raw carp had 81.0% moisture 
and 18.2% protein. Cooking carp decreased moisture, thereby, increasing 
protein and fat amounts. Both rice flour and carp were relatively low in fat. 

All of the ground extrudates had a moisture content ranging from 7.0 to 
7.5%, which would lead to good storage properties. Using the protein con- 
tent of extruded rice flour as the base, it can be seen that even the incorpo- 
ration of only 10% raw minced carp increased the amount of protein by 
17%, and when 35% cooked minced carp was added, protein content in- 
creased 86%. Thus, these extrudates represent a source of precooked food of 
relatively high protein content that could be consumed as such or be incor- 
porated into other foods. Even a t  the highest carp addition, the fat content 
was still only 2.32%. 
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Table 3. Proximate composition of ingredients, extrudates and Pakodas* 

/o 

Product - Moisture P r o t e i n  Fat 

Ingredients :  

Rice f l o u r  (RF) 11 .O 6.9 0.42 

Raw minced carp (RMC) 81.0 18.2 4.31 

Cooked minced carp (CMC) 50.0 23.7 5.09 

Extrudates : 

100% RF 

90% RF/10% RMC 

85% RF/15% RMC 

80% RF/20% RMC 

75% RF/25% CMC 

70% RF/30% CMC 

65% RF/35% CMC 

Pakodas: 

100% non-extruded RF 1 2 . 6 ~  6.4a 7.42a 

100% extruded RF 1 2 . 2 ~  6.5a 7.17a 

90% RF/10% RMC 1 2 . 5 ~  9.5b 7 . 1 5 ~  

85% RF/15% RMC 1 2 . 9 ~  1 0 . 0 ~  7 . 1 5 ~  

80% RF/20% RMC 13.1a 1 0 . 4 ~  7.11a 

75% RF/25% CMC 1 4 . 6 ~  12.8' 7 . 0 3 ~  

70% RF/30% CMC 15.2' 13.7' 7 . 0 0 ~  

65% RF/35% CMC 16.0' l4.gd 7 . 0 0 ~  

*All data represent the average of duplicate samples run on each of three se arate 
products. Column data within the extrudates and Pakodas listings with different retters 
are significantly different (p = .05) 
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In looking a t  the pakodas composition, it can be seen that the frying 
process resulted in the absorption of some oil since fat contents for all 
products was in the neighborhood of 7%, which is still relatively low for a 
fried food. Factors such as frying temperature, time, and pakodas size 
would influence the amount of fat absorbed. Also, it can be seen that the 
extrusion process did not influence composition of the two 100% rice flour 
controls. It also appears that increasing the carp content influenced water 
retention, since the final moisture content of the pakodas increased with 
increasing carp addition and, as would be expected, protein content also 
increased. Using the 100% rice flour pakodas as controls, the addition of 
10% carp resulted in a 48% increase in protein, while the highest carp 
addition (35%) resulted in pakodas containing 128% more protein than the 
traditional 100% rice product. 

Extrudate Storage Stability 

The odor properties of the seven extrudates shown in Table 3, along with 
those of the nonextruded rice flour control, were evaluated a t  0, 3 and 6 
months of storage a t  -36" and 22°C. The 16 samples were randomly pre- 
sented in powdered form a t  room temperature to the 22 member sensory 
panel who were asked to describe any objectionable odor. Even after 6 
months, no objectionable odor were reported in any of the samples. Thus, i t  
appears that the extrusion process is well suited to the manufacture of a 
product that has good odor storage stability. Factors that accounted for 
good stability include the relatively low moisture and fat contents of the 
extrudates. In addition, no strong fishy odor, as was found by Murray et al. 
(19801, was apparent in this study, thereby, demonstrating that starting 
fish quality is of major importance. Possible explanations for this differ- 
ence include differences in fish species used and extrusion conditions. The 
higher the extrusion temperature, the greater the potential to flash off 
volatile odors. 

Sensory Triangle Tests 

It should be remembered that the triangle test is soley a difference test 
and not a preference test. Freshly prepared pakodas were submitted to the 
22 member Indian panel on three consecutive days with each day repre- 
senting separate extrusion runs. These results are summarized in Table 4. 
As can be seen, the panel could not distinguish between pakodas made 
from traditional rice flour and extruded rice flour. When pakodas made 
from extruded rice flour and increasing amounts of carp were compared, 
the panel could not statistically distinguish between 10, 15, 20 and 25% 
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Table 4. Pakodas sensory triangle test results* 

Comparisons 

100% non-extruded RF vs.  100% extruded RF 

100% extruded RF vs. 90% RF/10% RMC 

100% extruded RF vs. 85% RF/15% RMC 

10E extruded RF vs. 80% RF/20% RMC 

100% extruded RF vs. 75% RF/25Z CMC 

100% extruded RF vs. 70% RF/30% CMC 

100% extruded RF vs. 65% RF/35% CMC 

Number o f  C o r r e c t  Responses** 

6 

7 

7 

8 

1 0  

14 

1 7  

* Results are the average of three separate evaluations 
** 12 correct responses required at p = .05 

added carp. However, at carp levels of 30'and 35%, the panel could statisti- 
cally make distinctions. Therefore, it can be concluded that a t  least 25% 
carp can be added to pakodas before major differences become apparent. In 
referring back to Table 3, it can be seen that pakodas made with 25% added 
carp have a protein content of 12.8%, which is 100% higher than in the 
100% rice controls. The intensity and amount of spices and frying condi- 
tions can be significant factors in dictating the maximum amount of carp 
that can be added before detection is obvious. 

Sensory Hedonic Tests 

The hedonic test is a classical preference test and, as seen in Table 5, no 
sensory property of any product variable was judged to be disliked. Rela- 
tive to pakodas appearance, no significant difference was apparent until a t  
least 25% carp was added. However, products containing 35% carp were 
still rated as looking moderately good. The golden brown color that devel- 
ops during frying appeared to minimize color differences. The aroma rat- 
ings were statistically comparable for pakodas containing up to 20% carp, 
while with flavor, significant differences were found a t  levels exceeding 
15% addition. It is also interesting to note, with flavor, that both the 100% 
extruded rice flour control and the product containing 10% carp were sta- 
tistically better than the 100% nonextruded rice flour control. Texture was 
the sensory attribute that was judged the lowest, even for the controls. 
However, the texture of pakodas containing 35% carp was still not objec- 
tionable. When the data for overall acceptability are considered, again all 
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Table 5. Pakodas sensory hedonic test results* 

O v e r a l l  
Product  Appearance Aroma F l a v o r  Texture  Acceptabi  1 i ty  

100; ex t ruded  RF 6.5a 6 . 0 ~  6.6a 5.6a 6.5a 

90% RF/10% RMC 6. 4a 6.za 6.6a 5.6a 6.5a 

85% RF/155 RMC 6 . 0 ~  6 . 0 ~  6.Zb 5.3 
b 6 . 0 ~  

805 RF/20% RMC 6 . 0 ~  5.7b 6.3b 5.2 
b 5.5b 

752 RF/25X CMC 5.8b 5.5b 6 . 0 ~  5 . 0 ~  5.0 
b 

70% RF/30% CMC 5.4' 4.6' 5.7' 4.5' 4.5' 

j 5 E  RF/35% CMC 5.1' 4.6' 5.5' 4.2' 4.3C 

*Results are the average of three separate evaluations. Scale used: 
7. Like extremely; 6. Like very much; 5. Like moderately; 4. Neither like nor dislike; 3. 
Dislike moderately; 2. Dislike very much; 1. Dislike extremely; 
Column data with different letters are significantly different (p = .05) 

variables produced acceptable results but significant differences were ap- 
parent after 15% carp addition. Thus, the above data demonstrate that a 
extruded rice-based snack food containing up to 35% carp is acceptable to a 
native Indian population. 
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