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Abstract

Walnut is the gold reserve of Republic of Moldova, being highly valued for their quality (size and protein content). In 2017,
Republic of Moldova managed to become one of the top producers and exporters of walnuts in the world. Lipid oxida-
tion and microbiological growth has been correlated to water activity, therefore the objective of this study was to identify
the influence of water activity on walnut (Juglans Regia 1..) oxidative and microbiological stability. Walnuts were stored un-

der different water activities and maintained for 16 weeks. Through this period, changes of moisture, peroxide value and

microorganisms’ development were monitored. The highest oxidation rates were observed in walnuts stored under water

activities ranges 0.0 - 0.28 and 0.48 - 1.00. Moisture content showed an increasing trend for all the water activity conditions.

Analyzing the obtained results, we concluded that to reduce the number of bacteria and molds, as well as peroxide value and

moisture content from walnut kernel, with a view to preserve their quality, it is necessary that the water activity of storage

rooms to fit in limits from 0.28 to 0.48.
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Introduction

According to the International Trade Centre in Geneva, Moldova
is one of the largest exporters of walnuts to Europe, after USA,
Mexico and China [1]. Walnuts are grown on 11,000 hectares, an
area that has been consistently expanding. This crop has rapidly
grown during the last decade. Walnuts have generated consider-
able interest in the last decade because of their unique organo-
leptic characteristics [2, 3|, high levels of polyunsaturated fatty
acids [4, 5] and effects against cardiovascular diseases [0-8]. The
beneficial effects are due to the fatty acid profile found in walnut
oil, in particular the presence of w-3 and w-6 PUFA that are es-
sential dietary fatty acids and have a favorable ratio in walnut oil
[9, 10]. Considering all these, high quality will increase competitive
advantages and increase profits.
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On the other hand, although the PUFA are essential for humans,
they are susceptible to lipid oxidation [11, 12]. During processing,
walnut kernel, being highly hygroscopic is susceptible to micro-
bial deterioration and spoilage when not propetly stored. In the
presence of oxygen, light, moisture, and high temperatures, oxi-
dation of fatty acids can occur [13] and has been found to be a
major source of off-flavors and decreased quality in walnuts [14,
15]. Walnut processors have reported shelf lives as short as one
year due to oxidative rancidity [16, 17]. Walnut storage conditions
have significant effects on overall quality. Water activity plays an
important role in walnut lipid oxidation. Control of water activity
decreases oxidative rancidity in stored walnuts [18, 19]. The aim
of the present work was to highlight the effect of environmental
water activity and storage time on the moisture content, oxidative
stability and microorganisms’ growth in walnut fruits.
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Materials and Methods
Materials

In order to perform research there were used qualitative walnuts
collected in 2015 that correspond to the UNECE STANDARD
DDP-02 demands.

Methods

Sample Preparation and Storage: In order to create different
storage conditions, with different water activities, triplicate sam-
ples of walnuts were stored in glass desiccators containing solu-
tion of H SO, with concentration range: from 0% - 60%. The
samples were maintained in desiccators during 16 weeks.

Lipid Extraction and Peroxide Value Determinations: \Wal-
nut oil was extracted from the walnuts using a laboratory press.
The Official American Oil Chemists’ Society [AOCS] method
was used to measure peroxide values and results reported as mil-

liequivalents peroxide/kg oil (AOCS Cd 8-53).

Moisture Determination: The moisture evolution of stored
walnuts was determined, in triplicate, using the AOAC - Official
Method 925.40 (moisture in nuts and nut products).

Microbiological Analysis: The microbiological tests concerning
the microorganism count (molds and bacteria) were done every
two weeks for each walnut sample. For the isolation of foodborne
pathogens, aliquots of samples were placed on Nutrient Agar and
Sabouraud medium. Cultures were incubated in Petri dishes un-
der appropriate rules on culture media indicated pH of 2.5 to 5.5
which were kept in thermostat for 48-72 hours at t = 32-37°C.
The colonies observed were counted and sub-cultured for iden-
tification.

Experimental Design: One glass desiccator was assigned to a
certain environmental water activity. An aliquot of walnuts (500 g)
was placed in each of the desiccators. All desiccators were stored
at 20°C for 16 weeks. Every 2 weeks, a sample of 60 g was col-
lected from each container to analyze the evolution of moisture
content, peroxide value and microorganisms’ growth.

https://scidoc.org/IJFS.php

Results and Discussions
Moisture Evolution

The walnut moisture content increased under all storage con-
ditions (Figure 1) and ranged between 0.243 (£0.004) - 0.874
(£0.006) g H,O/g product. The moisture was still increasing for
all samples even at 16 week - storage. Even at the lowest water
activities (a_ = 0.015), moisture increased from about 7% (the
initial moisture level) to almost 24% by week 16. The obtained
results show that walnuts are clearly hygroscopic, and readily pick
up moisture even at extremely low water activities, and this can be
explained by the chemical composition of walnuts morphologi-
cal parts (shell and inner membrane) that are rich in lignins and
therefore can absorb water.

Evolution of Peroxide Values (PVs)

As mentioned above, the major component of walnuts are fats.
They are relatively unstable, easily oxidized and give walnuts a bit-
ter taste. The degree of oxidation of walnut fats depends largely
on their storage conditions and the value of their water activity.
The evolution of the peroxide value of walnut fats depending on
water activity during the storage of walnuts within 16 weeks is
presented in the table below.

The results show that the processes of oxidation of walnut fats
according to the water activity have a parabolic character (Figure
2), the minimum value being recorded at water activities of 0.28
... 0.48. The initial value of the peroxide value was relatively low
(0.60 = 0.04 meq/kg). During storage, PV values increased con-
tinuously, but the rate of growth depended largely on the water
activity in the storage medium, being lower at intermediate values
aw = 0.30 - 0.50. Labuza (1975) and others have reported similar
results [20, 21]. Final PV values were significantly affected by wa-
ter activity and constituted 2.90-5.60 meq/kg, the minimum value
being set at a_ = 0.48.

Oscillations of water activity in storage areas result in adsorp-
tion or desorption of water and change in moisture of walnuts.
The results show that in the degradative processes (oxidation) of
lipids, water plays both protective roles and prooxidative roles.
Analyzing the data presented in Table 1 and Figure 2, we can dis-

Figure 1. Evolution of moisture content of walnuts during storage at different water activities.
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Table 1. Peroxide value evolution (PV*, meq/kg) of walnut lipids depending on water activity and storage petiod.

— 0.08 { 0.15 | 0.23 | 0.28 | 0.48 | 0.52 | 0.61 | 0.71 | 0.81 | 0.92 | 1.00
i, week

0 0.60 | 0.60 | 0.60 [ 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60
2 0.60 [ 0.60 [ 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 [ 0.60 | 0.60 | 0.60
4 1.40 | 1.10 { 0.90 | 0.75 ] 0.75 | 0.90 | 0.99 | 1.10 | 1.16 | 1.20 | 1.30
6
8

1.98 | 1.60 | 1.30 | 1.10 [ 0.90 | 1.10 | 1.18 | 1.21 | 1.38 | 1.50 | 1.65
2.60 | 210 | 1.70 [ 1.30 | 1.15 | 1.38 | 1.56 | 1.78 | 1.92 | 2.25 | 2.39
10 3.30 | 2.86 | 2.30 | 1.70 | 1.40 | 1.62 ] 1.99 | 2.20 | 2.60 | 2.78 | 3.08
12 410 | 352 | 293 (230 | 1.82 [ 1.95]2.25 | 2.61 | 3.15 | 3.68 | 3.88
14 480 | 4.05 | 3.35 | 245 | 2.15 | 2.26 | 2.62 | 3.18 | 3.92 | 4.31 | 4.60
16 5.60 [ 4.90 [ 4.22 | 3.40 | 2.90 | 3.16 | 3.57 | 3.99 | 4.53 | 5.06 | 5.38

*PV =PV £ 0.04

Figure 2. Colony forming units of (a) yeasts and molds and (b) bacteria in walnuts depending on the water activity in the
storage ateas.
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tinguish three phases of the lipid oxidation process in walnuts.

Thus, at water activities of 0.08 - 0.28 and 0.48 - 1.00 the oxida-
In the first phase, when water activity has low values (0.01 - 0.27), tion processes know a maximum intensity, water molecules form
water exerts an antioxidant effect explained by the formation of multiple layers around the product, or are generally lacking, thus
hydrogen bonds between water molecules and hydroperoxide opening oxygen access to the lipid substrate.
molecules. These complexes protect the hydroperoxides from de-
composing into free radicals, so that the reaction rate is relatively In the range of water activities of 0.28 - 0.48 oxidation processes
low. are characterized as slow, only one layer of water molecules is

formed around the product, so it cannot exhibit its solvent prop-
The second phase takes place at an intermediate value of the wa- erties for conducting chemical reactions, as well it acts as a barrier
ter activity (0.28 - 0.48) in which the rate of oxidation reaction to oxygen access.
increases. In the storage of walnuts at intermediate values of the
water activity, part of the contained water is located in the mon- Microbiological analysis

olayer at the outer surface of the pores, and another part covers

the surface of the ionic and polar groups of the lipids, thus pre-
venting their direct exposure to air. The mobility of monolayer
water molecules is very limited, which is why it cannot serve as a
reaction medium and does not participate in chemical reactions.

The third phase takes place at high water activity values between
0.48 and 1.00. Excess moisture increases the enzymatic activity
of walnuts and facilitates the degradation of oils by lipase, which
produces free fatty acids and by lipoxygenase oxidizing the pol-
yunsaturated compounds resulting in the appearance of rancid
taste and some unpleasant flavors and odors.

Another important aspect, depending on the water activity of the
walnut storage areas, is their contamination with molds [22]. The
value of the microbiological load was determined depending on
the water activity in the walnut storage facilities. The results ob-
tained are shown in Figure 2a and b.

To assess the total number of colonies of bacteria, the Nutri-
tive Agar medium was used, the results show that their number
increases slightly with increasing water activity to 0.9 and much
faster at higher values, and for the evaluation of the total number
of yeasts and mold the environment was used Sabouraud.
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The identification of microorganisms was based on the analysis
of phenotypic characteristics corresponding to cultural characters
and morphological characters. Cultural characteristics are taxo-
nomic criteria that characterize morphological expression, the
way of development of microorganisms and the appearance of
microbial masses: the time of appearance of the colonies, the uni-
formity, the shape (circular, irregular, corrugated, etc.), the profile,
the color, the consistency, the size, etc.

It has been found out that intensive proliferation of yeasts and
molds on the walnut surface begins at lower water activity lev-
els, i.e. they are more xerophilic than bacteria. Among the pre-
sent molds there were Aspergillus niger, Aspergillus flavus, Fusarium,
while the identified bacteria were Bacillus subtilis, Pseudomonas and
Staphylococcus. Some groups of these fungi have been reported by
Riyaz-Ul-Hassan (2003) as the most predominantly encountered
species of fungi from deteriorating walnuts. The interacting effect
of water activity on the growth of the fungi shows that 0.15 - 0.34
water activity was the best storage condition as some fungi were
eliminated.

Conclusion

Walnut storage conditions have significant effects on overall qual-
ity, especially if the product is to maintain high quality over long
periods of storage. Containing more than 90% unsaturated fatty
acids, walnuts maintain best product quality (low oxidation rate,
maintenance of desirable flavor and taste) when stored at water
activities between 0.28 and 0.48. Above this range oxidation and
microorganisms growth increased, whereas below the range, the
oxidation rate increased.
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