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We evaluated the microbiological safety, the short-term storability, and the macronutrients of oil seed cake (OSC) 
obtained from walnut (WnC), linseed (LC), and sunflower seed with hull (SC). The OSCs had 3.6–5.8% moisture 
content, 0.50–0.60 water activity (aw), 29.9–39.4% protein, 15.5–23.6% fat, and 36.6–48.0% dietary fibre content. 
The grinded OSCs could be stored in opaque plastic bags for 4 months at temperatures of 4 °C, 14 °C, and 25 °C. 
Total colony count of mesophilic microorganisms depending on oxygen demand and spore-forming ability, and 
faecal indicator microorganisms were determined during a 4-month storage term at 4 °C, 14 °C, and 25 °C using 
traditional culturing methods. The OSCs were free from sulphite-reducing Clostridia and coliforms, including 
Escherichia coli. Data were analyzed statistically by multifactor analysis of variance. Ascending order of the average 
contamination of the three products (log10 CFU g–1) was aerobic sporogenic bacteria (2.39), fungal count (2.51), 
total aerobic microbe count (3.00), anerobic sporogenic bacteria (3.75), and total anaerobic microbe count (4.23). As 
for the average microbial count, WnC was the least (2.73 log10 CFU g–1) and LC was the highest (3.53 log10 CFU 
g–1) contaminated material. Regarding the variation of microbial contamination during storage, temperature was 
indifferent (P=0.191), while storage time (P=0.0033) and the product type were influential (P=0.000). 
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The interest toward OSCs is still increasing, because they could serve as solutions for 
nutritional problems like: (i) substitution of protein of animal origin or artificial food additives 
(Popović, 2010) and (ii) functional fortification of food products.

Considering that OSCs are essentially low-processed and are rich in complex compounds 
(Perédi & Balogh, 2005; Mueller et al., 2010), they are riskier materials, hence promoting 
the growth of contaminant microbiota and the transmission of microbiological and chemical 
impurities into compounds of foodstuffs through the food chain (Marquardt, 1996), as 
reported for aflatoxins in nuts (Zinedine & Manes, 2009; Leong et al., 2010), for 
Enterobacteriaceae (Myint et al., 2007), for Salmonella (Juven et al., 2004), and for fungi 
(Pitt et al., 1993). Heat treatment applied during conditioning, pelleting, or extrusion of oil 
seeds, has been shown to be an effective way for reducing pathogens and toxin levels (Davies 
& Wray, 1997). Improper handling and storage of OSCs can lead to the increase of rancidity, 
with its attendant unpleasant taste and odour (Wallace et al., 2010). LC samples with 8–10% 
moisture content were chemically stable for 4 months at 20 °C packed in brown-paper bag 
(Ogunronbi, 2007). WnC can be stored in plastic bags without chemical degradation below 
23 °C for half a year (Vanhanen & Savage, 2006). Some papers from developing countries 
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deal with the determination of the microbiological storability of OSCs. After 1 month storage 
at room temperature the nutritive properties of OSCs significantly decreased and one and a 
half order of magnitude increase of fungal and bacterial contamination was detected 
(Oladimeji & Kolapo, 2008). Duplication of microbial contaminants in parallel with a 
significant increase of aflatoxin content during 3 months has been observed (Kolapo et al., 
2012). Under farm storage conditions lasting for 5 months, toxigenic isolates of Aspergillus 
fumigates and Aspergillus repens were found in OSCs producing up to 45 µg kg–1 of gliotoxin 
(Lanier et al. 2009). The composition and the magnitude of microbiological contamination 
limit the applicability of OSCs in food industry.

In the present work we made controlled storage experiments to study the mesophilic 
microbiota depending on oxygen demand and spore-forming property, of OSCs obtained 
from walnut, brown linseed, and sunflower seed with hull during a 4-month storage term at 
temperatures usually occurring in the industry or housekeeping. Our results indicate that the 
analyzed OSCs can be safe and microbiologically stable materials. 

1. Materials and methods

1.1. Materials

OSCs obtained from mechanical pressing of walnut, brown linseed, and sunflower seed with 
hull were studied. Walnut was heated to 60 °C before pressing. Linseed and sunflower seed 
was cold pressed, with a 42 °C outlet temperature. Samples from different pressing batches 
were produced by Tarpai Manufaktúra Ltd. for WnC and by Solio Ltd. for LC and SC, in 
2010. The OSCs were industrially packed in opaque plastic bags of 0.14 mm thickness, then 
welded and stored at 4 °C for further experiments. The culture media were purchased from 
Merck and VWR International. The chemical reagents were purchased from VWR 
International.

1.2. Preparation of OSC and storage parameters

10 kg of each OSCs was grinded in the laboratory using a small capacity feed grinder with a 
3 mm sieve following sterilization with 70% ethanol. The first 1 kg of ground OSCs was 
excluded from the storage experiment. Individual units (3×1 kg OSC) were packed in opaque 
plastic bags with a 300 mm × 500 mm size and of a 0.14 mm thickness. The air was removed 
manually from the bags, then the bags were folded and closed with adhesive tape to avoid 
oxygenation. The bags were stored at 4 °C, 14 °C, and 25 °C for 4 months. 

1.3. Determination of macronutrient composition 

Macronutrient composition was determined once, at the beginning of the storage. Moisture 
was determined by air oven method at 103 °C to constant weight. Protein was calculated as 
nitrogen content×6.25, to which nitrogen content was determined by Elementar Rapid N 
cube analyzer with the quantitative combustion digestion at 900 °C in excess oxygen. Total 
fat content was determined by Soxtec Avanti 2055 Manual System instrument according to 
the MSZ EN ISO (2000). Ash was determined in electric furnace after 8-h ashing at 550 °C. 
Total dietary fibre was determined according to the method of Megazyme Total Dietary Fibre 
Assay Procedure Kit (Noack Group). Water activity, as a 5-min constant value, was measured 
by Novasina labMaster-aw Basic instrument.
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1.4. Determination of microbiota

Traditional culturing methods were applied for microbiological analysis. Samples were taken 
three times, at the start, the 2nd and the 4th month of the storage term. To prepare the initial 
suspension of each OSC, we complemented 10 g WnC, 10 g SC, and 5 g LC to 100 ml using 
sterile pepton water 0.1% (w/v). Following thorough shaking and a 30-minute rehydration at 
room temperature, 10-fold serial dilutions were prepared. From the dilution tubes, aliquot 
volume (0.1 ml) was spread onto the surface of culture media in two parallel Petri-dishes. 
Total mesophilic aerobic microbial count was determined on TPC agar after incubation at 
30 °C for 48 hours. Total count of fungi was determined on RBC agar incubated at 25 °C for 
5 d. ChromoCULT® Coliform agar was applied for simultaneous detection of colony forming 
units of total coliforms and Escherichia coli after 24-h incubation at 37 °C. Differential 
Reinforced Clostridial Media (DRCM) tubes covered with paraffin layer was applied for the 
determination of the MPN of mesophilic anaerobic bacteria, of spore-forming anaerobic 
bacteria, and of sulphite-reducing Clostridia. For the determination of these latter ones, 3 
parallel tubes were inoculated, then were pasteurized at 80 °C for 30 min. The inoculated 
DRCM tubes were incubated at 30 °C for 44 h. The heat-treated tubes that turned black were 
considered positive for the determination of sulphite-reducing Clostridia. Total count of 
aerobic spore-forming bacteria was determined from serial dilution tubes formerly pasteurized 
at 80 °C for 30 min, by spread plate method on TPC agar incubated at 37 °C for 48 h.

1.5. Statistical analysis

The measurements were performed in duplicate. Data were analyzed statistically by 
multifactor analysis of variance with STATGRAPHICS software. The mean values were 
compared at 95% level of confidence. 

2. Results and discussion

2.1. Macronutrient composition of OSCs

The results of chemical analysis containing the most important macronutrients are shown in 
Table 1.

Table 1. Macronutrient composition of OSCs*

Type of OSC aw
Moisture Protein Fat Ash TDF

Walnut cake 0.53 3.6 39.4 15.5 4.9 36.6

Linseed cake 0.59 5.8 29.9 18.9 7.1 48.0

Sunflower seed cake (with hull) 0.55 5.0 31.9 23.6 6.4 42.0

*: (%); TDF: total dietary fibre

The studied OSCs were rich in nutrients, as reported in other scientific papers (Vanhanen 
& Savage, 2006; Mueller et al., 2010). In contrast with the LC and WnC, the SC with hull 
did not look suitable for human consumption taking into consideration its appearance (deep 
grey colour) and hull contained. The aw and the moisture content of OSCs were low for 
storability and suggest compliant cooling process after pressing.
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2.2. Evaluation of microbiological contamination of OSCs

Results of the determination of mesophilic microorganisms are summarized in Table 2. OSCs 
were qualified according to the limits laid down in the Hungarian Agriculture and Rural 
Development Ministry regulation No 43/2003 (FVM, 2003) (for feed) and Health Ministry 
regulation No 4/1998 (for food) comparing to brans, due to the lack of official categorization 
of OSC.

Table 2. Mesophilic microbial contamination* of OSCs during storage

aw **
T

(°C)
t

(Month)
Aerobic Anaerobic

TCC TFC TSB TCC TSB

1 2 1 2 1 2 1 2 1 2

Walnut cake

0.54±0.01 4 0 2.00 2.60 2.00 2.18 2.00 2.30 3.63 3.79 3.36 3.36

2 2.70 2.18 1.70 2.00 2.15 1.70 3.88 3.37 3.43 3.37

4 2.48 2.18 1.74 2.00 2.60 2.00 3.36 3.56 3.36 3.37

14 0 2.00 2.60 2.00 2.18 2.00 2.30 3.63 3.79 3.36 3.36

2 2.51 2.18 1.70 2.18 2.18 1.70 3.88 3.82 3.56 3.63

4 2.65 2.18 2.00 1.70 2.40 2.18 3.54 3.37 3.45 3.36

0.50±0.03 25 0 2.00 2.60 2.00 2.18 2.00 2.30 3.63 3.79 3.36 3.36

2 2.40 2.54 2.00 1.70 2.74 1.70 3.97 3.62 3.63 3.63

4 2.90 2.74 2.48 2.00 2.18 2.48 3.63 3.63 3.36 3.32

Linseed cake

0.60±0.01 4 0 3.08 3.64 2.78 3.28 2.00 3.18 4.36 4.63 3.72 4.36

2 3.30 3.22 2.93 3.07 2.85 2.60 4.64 4.18 4.45 3.37

4 3.34 3.43 2.90 3.13 2.70 2.18 4.36 4.37 3.97 4.37

14 0 3.08 3.64 2.78 3.28 2.00 3.18 4.36 4.63 3.72 4.36

2 3.38 3.23 3.00 3.24 2.70 2.70 4.81 4.16 4.46 3.37

4 3.48 3.41 2.90 3.08 2.81 3.10 4.59 4.63 4.18 4.35

0.59±0.01 25 0 3.08 3.64 2.78 3.28 2.00 3.18 4.36 4.63 3.72 4.36

2 3.45 3.24 3.08 3.20 2.60 2.18 4.81 4.67 4.46 3.63

4 3.40 3.31 3.00 3.19 2.00 2.48 4.64 4.82 4.53 4.67
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aw **
T

(°C)
t

(Month)
Aerobic Anaerobic

TCC TFC TSB TCC TSB

1 2 1 2 1 2 1 2 1 2

Sunflower seed cake (with hull)

0.57±0.02 4 0 3.00 3.20 2.00 2.81 1.74 2.00 4.36 4.36 3.36 3.53

2 2.90 3.68 2.26 2.40 2.40 3.27 4.46 4.63 3.36 4.22

4 3.08 3.56 2.30 2.18 2.30 2.53 4.36 4.82 3.59 4.37

14 0 3.00 3.20 2.00 2.81 1.74 2.00 4.36 4.36 3.36 3.53

2 2.98 3.28 2.00 2.74 2.60 3.16 4.41 4.37 3.98 4.18

4 3.19 3.26 2.70 2.74 2.74 2.85 4.36 4.35 3.38 4.35

0.53±0.02 25 0 3.00 3.20 2.00 2.81 1.74 2.00 4.36 4.36 3.36 3.53

2 3.39 3.24 3.00 2.74 2.40 2.00 4.64 4.81 3.62 3.82

4 3.45 3.36 2.88 2.65 2.85 3.34 4.63 4.67 3.56 3.63

*: Data are given in log10 CFU g–1; **: mean value±SD of water activity of OSCs stored at 4 °C and 25 °C for 4 
months (N=6 per OSC); TCC: total colony count; TSB: total count of sporogenic bacteria; TFC: total fungal count; 
italic numbers mean different batches

E. coli and sulphite-reducing Clostridia were not found in any of the samples (data are 
not shown), due to the careful and hygienic industrial processing. Coliform results predict the 
likelihood of being free from Salmonella as a prerequisite of nutritional application. The 
initial mesophilic aerobic microbial contamination of OSCs in the range of 2.00–3.64 
log10  CFU g–1 is one-thousandth of the threshold (106 CFU g–1) laid down for feeds, and 
6 log10 units lower than the initial microbial contamination of coconut, groundnut, soybean 
cakes reported by Olajimedi and Kolapo (2008). The TFC of LC exceeded the 103 CFU g–1 
threshold laid down for brans. This non-compliance is conditional. In other respects, the 
studied OSCs could be applied in food industry. 

Results of the multifactor analysis of variance are shown in Tables 3 and 4.

Table 3. Multifactor Analysis of Variance for logN

Source of variation Sum of squares d.f. Mean square F-value Sig. level

MAIN EFFECTS

Temperature 0.31647 2 0.15824 1.67 0.1910

Time 1.11155 2 0.55578 5.85 0.0033

Product 29.79095 2 14.89548 156.86 0.0000

Microbe group 136.22565 4 34.05641 358.64 0.0000

Repetition (batch) 1.02182 1 1.02182 10.76 0.0012

RESIDUAL 24.49936 258 0.09496

TOTAL 192.96580 269

Table 2. Cont.
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Depending on the seed variety of OSC, the lowest level of contamination has been 
detected for WnC, the highest one for LC (P=0.0000), which suggests longer storage term for 
linseed batches applied for LC production and the occurrence of mycotoxins can be assumed. 
The microbe groups caused significantly different contamination (P=0.0000). The 
contaminations from the lowest to the highest were as follows: aerobic sporogenic bacteria, 
fungi, mesophilic aerobic microbes, anaerobic sporogenic bacteria, and anaerobic bacteria. 
The majority of the aerobic microbial contamination was fungi for all the OSCs. One and a 
half order of magnitude more anaerobic sporogenic bacteria were found compared to aerobic 
ones, which meant the second biggest hazard of the microbe groups studied. This makes the 
OSCs riskier for food application, e.g. developing processed meat products (e.g. meat 
batters), the researches of which are in focus (Cofrades et al., 2008). 

Table 4. Table of means, confidence intervals and homogeneity

Level Count 95 Percent 
Confidence
for mean

LSDa Homogeneityb

GRAND MEAN EFFECTS 270 3.174±0.037

Temperature (°C)

4 90 3.131±0.064 0.091 *

14 90 3.178±0.064 *

25 90 3.214±0.064 *

Time (months)

0 90 3.087±0.064 0.091 *

2 90 3.196±0.064 *

4 90 3.239±0.064 *

Product

WnC 90 2.729±0.064 0.091 *

LC 90 3.527±0.064 *

SC 90 3.267±0.064 *

Microbe group

TCC aerobe 54 2.996±0.083 0.117 *

TFC 54 2.512±0.083 *

TSB aerobe 54 2.389±0.083 *

TCC anaerobe 54 4.226±0.083 *

TSB anaerobe 54 3.748±0.083 *

Repetition (batch)

1 135 3.113±0.052 0.074 *

2 135 3.236±0.052 *

a:Least significant difference; b:homogeneity refers to the components of the same effect. Asterisks in various 
columns indicate significant difference between the two averages. Asterisks in the same column mean no significant 
difference between the averages.
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2.3. Evaluation of storability of OSCs

During the 4-month storage term, temperature as one of the most important factors of 
microbial propagation was found to be indifferent (P=0.1910). The water activity was stable 
during the storage period (Table 2) inhibiting the growth of vegetative forms including 
moulds, and the germination of bacterial spores. Temperature is considered the main critical 
factor for controlling bacterial growth, while the effect of aw on growth of moulds is more 
rate-limiting than temperature (Dantigny et al., 2005). In relation to storage time (P=0.0033), 
the storability of OSC and of any organic material is time dependent; its magnitude is 
determined by the effects of environmental factors, which were compliant in our experiment 
for even long term storage.

In relation to production (P=0.0012), the surfaces and hard-to-clean areas with clumps 
of organic materials on the equipments are potential contamination sources, therefore full 
implementation of industrial cleaning and disinfection tasks reduce the risk of post-
contamination, and the magnitude of microbial contamination can be lowered. 

3. Conclusions

Our results indicate that despite the fact that the OSCs are low-processed materials, they are 
safe materials for application in the food chain, and provide macronutrients in high ratio. 
Despite of dilution of microbial contamination in case of food fortification, the spore-forming 
bacteria cause latent contamination making the high moisture content food products riskier. 
There is a possible hazard of chemical contamination mostly by mycotoxins or pesticides, 
etc., not studied here, therefore the monitoring of these substances is necessary. To extend the 
findings of this study, for the broader confirmation of the results, and for predictive modelling 
in the field, replicated measurements achieved through long-term storage complemented with 
measurements for chemical safety are needed.

*
The authors would like to thank Dr. Olivér Reichart for his help in the statistical analysis.
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