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Abstract

Amaranth sorghum grains complementary food is a nutrient dense dry food product for infants and young children. It is prone to moisture absorption
from the environment and fat oxidation depending on packaging and storage condition due to its low moisture content and high level of unsaturated
fat. In this study, amaranth sorghum grains complementary food was stored in three types of packaging material namely, kraft paper, kraft paper with
polyethylene lining and aluminium pouch being the commonly used packaging materials for dry complementary foods in Kenya. These packaged
samples were stored at ambient, 25°C, 60% relative humidity and 35°C, 75% relative humidity for 180 days. The moisture content of the product
and the peroxide value of the oil extracted from the product were determined using the standard methods at an interval of 45 days for 180 days.
The initial peroxide value of the product at day zero was 0.48 meq O,Kg™ while its moisture content was 3.7% on dry weight basis. Over the 180 days
of storage, aluminium pouch was the most effective package in controlling increase in moisture content and peroxide value in comparison to the
other two packages. Samples stored at 35°C, 75% RH had a shorter shelf life compared to those stored at 25°C, 60% RH and ambient conditions. It is
recommended that the product should be stored below 25°C and packaged in aluminium pouch to achieve a longer shelf life.
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Introduction

Food products normally undergo deterioration and spoilage during
storage resulting from growth and activities of microorganisms, food
enzymes activities and chemical reactions within the food [1]. These
changes are majorly influenced by the intrinsic factors like water
activity and nutrient content or extrinsic factors such as temperature,
moisture, oxygen, light and physical stress [2]. Increased consumer
demand for safe, fresh and high quality foods availed year round and
the ongoing globalization of food distribution systems are some of
the factors that have contributed to the improved shelf life by food
industries. It has become an obligatory for the industries to ensure
shelflife stability of products as they are transported from their source
and during storage [2].

Shelf life determination is one of the most significant steps in
production of food. Shelf life is defined as the period through which
products keep satisfactory level of eating quality from a sensory and
safety point of view [3]. Methods used in determination of storage
time is dependent on product type [2,3]. Quality deterioration in
food can be described based on a several compositional features
like microbial level, concentration of reactive species, water activity,

pH among others [2]. Perishable foods for example are prone to
microbial growth hence a good indicator of safety for such foods.
For imperishable foods however, certain factors are related with
nutritionally important compounds and may be used to determine
shelf life of a product [3]. These factors may include chemical
changes like fat oxidation, moisture content, physical changes and
sensory evaluation. Shelf life determination can be done through
conventional storage. This is where a product is stored for a long
time under conditions such as expected during normal storage and
selected parameters are tested periodically [3]. Another method is
used is accelerate shelf life test where the product is stored in high
temperature or exposed to high oxygen concentration and tests done
on some selected indicators [3]. Then, kinetic procedures are used to
evaluate the changes of the indicators.

Amaranth Sorghum grains based Complementary Food (ASCF) is
made of 90% amaranth grains and 10% sorghum grains which are
steeped, germinated, dried, extruded, milled and finally packaged [4].
It is a dry product with moisture content of 3.7% and is composed
of 7.8% fat having 77% unsaturated fatty acids. Most packaged dry
products are susceptible to moisture adsorption from the environment.
They absorb moisture through the package when stored in humid
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environments, which can cause undesirable effects on shelf life [5]. For
example, products inform of powder or crystalline can be clumped
and biologically active chemicals hydrolyze after absorbing moisture.
Such products that tend to absorb moisture from the environment are
called “hygroscopic” [5]. The product is also high in unsaturated fatty
acids, making it prone to oxidation. This may be an indication that the
product has limited shelf life [6]. The key characteristics of packaging
material for dry food products are barrier properties to water vapour,
oxygen and light in addition to physical strength required to maintain
the integrity of the package [5]. This is because of their sensitivity
to water absorption, which causes significant changes in quality and
texture. Packaging which permeates oxygen or light could initiate
oxidation resulting to rancidity and related objectionable flavours in
dry products with high fat content [7]. As a foodstuff intended for
specific nutritional uses complementary foods for infants and young
children conform to the set guidelines. Assessment of fat oxidation
and moisture adsorption with storage is key for prediction of ASCF
shelf life as they are principle indicators. The aim of the paper was to
evaluate the shelf-life of ASCF based on fat oxidation and moisture
absorption.

Materials and Methods
Processing of ASCF

Amaranth and sorghum grain were obtained from Bondo Farmers
Marketing group (Western, Kenya). The grains were sorted to remove
foreign material. The sorted grains were cleaned using clean drinking
water then steeped, germinated and dried as described by Okoth JK,
et al. [4] he rootlets of the dried grains of amaranth and sorghum were
first removed before mixing the grains in the ratio of 90% amaranth
and 10% sorghum. The mixture was extruded then milled in to flour
as described by Okoth JK, et al. [4].

Storage of ASCF

ASCF product was subdivided into 200g samples and packaged
either in kraft paper, kraft paper with polyethylene lining or aluminum
pouch. The kraft paper with polyethylene lining and aluminum pouch
were sealed using plastic vacuum sealer machine while kraft paper
was sealed using a sealing tape. The packages containing each of the
samples were then randomly selected and stored at three storage
conditions namely, ambient, 25°C and 60% RH or at 35°C and 75%
RH. Peroxide value and moisture content were analyzed before storage
as the base line and then after every 45 days over a period of 180 days.

Determination of moisture content

Moisture content was determined by oven drying according to
Association of Official Analytical Chemist [8] methods, 925.09. The
moisture dishes were washed and placed in an oven drier at 105°C for
one hour. They were then placed in a desiccator to cool and the initial
weight of the dishes recorded (W,). Three grams of ASCF sample were
taken and placed in the moisture dish and weight recorded (W,). The
dishes were then placed in an oven drier for 3 hours. After drying
the moisture dishes with dried samples were removed from the oven
drier, cooled in a desiccator and the final weight recorded (W,). The
percentage moisture content of the samples was calculated as shown
below:

W -w)
W, =w)

Moisture content (%)= %100

Peroxide value analysis

This was determined through iodometric titration according to

standard methods for the oils analysis AOCS (1998) [9], and the results
were expressed in meq O,/kg oil. Two grams of ASCF oil samples were
weighed into 250 ml stoppered conical flask. Thirty milliliter of acetic
acid chloroform solvent mixture was added in each and swirled to
dissolve. Then 0.5 ml saturated potassium iodide solution was added
with a mohr pipette and left to stand for 1 minute in the dark with
occasional shaking then added about 30 ml of distilled water. This
was titrated with 0.01 N sodium thiosulphate solution, with vigorous
shaking until yellow color was almost gone. 0.5 ml starch solution was
added as an indicator and titration was continued until the blue color
disappeared indicating the end point. Calculation of the peroxide
value was done as below:

_Titrex N x100
w

PV

Where W is the weight of the sample, Titre=ml of Sodium
Thiosulphate used, N=Normality of sodium thiosulphate solution.

Analysis of data

All the experiments were arranged in a randomized block design
with a factorial structure of main treatments of storage condition
and packaging. The sub-treatments were the three types of packaging
materials namely, kraft paper, kraft paper with polyethylene lining and
aluminium pouch, the three different storage conditions (ambient
25°C and 60% RH and 35°C and 75% RH) and the five lengths of
storage from zero to 180 days. The tests were done in triplicate for each
sample and mean values determined. Statistical Analysis System (SAS
Version 9) was used for statistical analysis. Differences at p < 0.05 were
considered significant.

Results and Discussion

Moisture content

Moisture content of ASCF increased with increase in storage
period irrespective of the packaging materials and storage condition
(Figure 1 (a, b, and c)). Dried products are sensitive to moisture
variations [10]. According to Muzaffar K, et al. [11] increase in
moisture content of the product with increase in environmental
relative humidity is a characteristic of amorphous materials rich
in hydrophilic. Uchechukwu-Agua AD, et al. [12] indicated that,
hygroscopic products absorb moisture from the environment while
exposed to the atmosphere. The hygroscopic nature of ASCEF therefore,
and presence of carbohydrates and protein which are hydrophilic in
nature lead to increase in moisture absorption with increase in storage

——KL(A) KL(25°C) KL(35°C)

6 //_.———o

a P

Moisture content g/100g db

0 50 100 150 200

Time in days

Figure 1(a): Moisture content of ASCF packaged in kraft paper at
ambient, 25°C, 60% RH and 35°C, 75% RH storage conditions.
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Figure 1(b): Moisture content of ASCF packaged in kraft paper with
polyethylene lining at ambient, 25°C and 60% RH and 35°C and 75%
RH storage conditions.
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Figure 2: Change in peroxide values (PV meq02/kg) of ASCF stored
for 180 days at ambient (0), 25°C (o)and 35°C (A) and packaged in
kraft paper.

——A(A) A(25°C) A(35°C)

N -

Moisture content g/100g db

0 50 100 150 200

Time in days

Figure 1(c): Moisture content of ASCF packaged in aluminum pouch at
ambient, 25°C and 60% RH and 35°C and 75% RH storage conditions.
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relative humidity. The increase in moisture content with storage varied
with storage condition. Samples stored at 35°C and 75% RH had
significantly (p<0.05) higher increase in moisture content compared
to those stored at 25°C, 60% RH and ambient conditions.

This can be attributed to higher relative humidity difference hence
higher rate of moisture migration into the packaged product. Due to
concentration gradient between the storage environments and the
packaged product, migration of water continues until an equilibrium
is achieved [13]. This was in agreement with previous study that
was carried out on cassava flour where moisture content of the flour
increased with storage under high relative humidity [12]. The findings
also agreed with a study that was carried out on 3 powders which
included wheat flour, tea powder and whey permeate where moisture
increased significantly as the storage relative humidity increased [14].
Moisture content was also reported to increase in potato crisps as
storage temperature increased [15]. There was variation in moisture
content among the packaging materials. Aluminum pouch package
was found to be the most effective in controlling moisture migration
compared to kraft paper with polyethylene lining and kraft paper.
Samples packaged in kraft paper had the highest moisture increase
after 180 days of storage from 3.64% to 7.27% at ambient condition,
8.14% at 2°C and 60% RH and 11.99% at 35°C and75% RH. Samples
packaged in aluminum pouch had the least moisture content increase
with its highest being 6.38% for samples stored at 35°C; 75% RH
after 180 days storage. The variation in moisture content of these

products could be directly related to the water vapor permeability
of the packaging materials. Packaging materials differ in degree
of permeation to small molecules like water vapor, and gases. The
transfer of the small molecules through the package therefore, ranges
from high to low depending on the barrier properties of the material
[13]. Similar variation with packaging have been reported in previous
studies done on cassava flour, potato crisps and wheat flour [12,14,15].

Shelf life stability of dry products is majorly influenced by moisture
content hence making it a vital parameter [16]. The change in moisture
is due to water migration from the environment through the packaging
material to the product which is influenced by temperature, relative
humidity and permeability of the package [13,17]. High moisture
content may favors enzymatic hydrolysis of the fat and microbial
growth in food products [16]. Storage condition and packaging
among other factors influence the moisture content of food. Moisture
content is an important determinant of shelf life as it is associated
with microbial spoilage. Higher level of moisture increases the rate
of microbial spoilage in food. Determination of moisture content has
been used in some instances to determine the effectiveness of storage
conditions [15,18]. According to East African Standards, processed
cereal based foods for infants and children moisture content maximum
limit is 4%. In the current study aluminum pouch maintained moisture
level below or at acceptable limit in ambient condition for the whole
storage period of 180 days. At 25°C; 60% RH the moisture limit was
maintained up to 135 days storage period while at 35°C, 75% RH was
90 days. Kraft paper with polyethylene lining maintained the required
moisture content for only up to 45 days at 35°C; 75% RH, 90 days at
25°C; 60% RH and 135 days at ambient storage condition. Kraft paper
did not maintain the maximum moisture content limit for samples
stored at 35°C; 75% RH even at the first sampling period of 45 days. At
25°C; 60% RH the moisture limit was maintained up to 45 days storage
period while at ambient condition the moisture limit was maintained
up to 90 days. A three way analysis of variance was run to examine
the effect of packaging, storage condition and storage duration on
moisture content of ASCE. There was significant three-way interaction,
(p < 0.05) indicating that packaging, storage condition and storage
duration influenced moisture content of the product.

Butt MS, et al. [16] also reported that the moisture content was
affected significantly by storage, treatments, packaging and their
interaction.

Just like other dry food products, ASCF require protection against
moisture as it may become unacceptable with moisture increase. In
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Table 1: Mean peroxide values (meq O,/kg oil) of amaranth sorghum
complementary food stored for up to 180 days in three different types of
packaging stored in three different storage conditions.

Storage time in days
Storage condition
o | 4 | %0 | 135 | 180
Kraft paper
Ambient condition 0.49 0.61 0.85 1.49 2.03
25°C 60% RH 0.49 0.61 0.9 1.82 2.11
35°C 75% RH 0.49 0.65 0.93 2.08 2.31
Kraft paper from polyethylene lining
Ambient condition 0.49 0.56 0.77 1.03 1.88
25°C 60% RH 0.49 0.58 0.84 1.22 1.87
35°C75% RH 0.49 0.62 0.9 1.69 2.12
Aluminum pouch
Ambient condition 0.49 0.53 0.76 1.03 1.54
25°C 60% RH 0.49 0.53 0.84 1.22 1.87
35°C 75% RH 0.49 0.59 0.84 1.35 1.89

this study, ASCF stored in aluminum pouch minimized increase in
moisture as compared to Kraft paper with polyethylene lining and
Kraft paper. Moisture migration can be stopped by either reducing the
environmental storage humidity or using moisture-barrier packaging
material for storage of product in environment of fluctuating
atmospheric conditions [19].

Peroxide value

In the present study, peroxide value (PV) was used to monitor the
ASCF oil quality with increase in storage time packaged in different
packaging material and stored in three different storage conditions.
Changes in PV of stored ASCF are shown in figure 2. Results show
that oil of ASCF before storage had a PV of 0.487 meq O,/Kg which
was lower than what was reported by Gamel TH, et al. [20] of 1.00meq
O,/Kg for freshly extracted amaranth seed oil. It is an indication that
some primary oxidation had taken place before storage of ASCE. This
may have been due to heat processing during drying and extrusion
and/or exposure of the grains to oxygen when drying [21]. Variation
in initial PV may be due to difference in grain processing and also oil
extraction process. Fresh coconut oil was found to have PV between
0.24 and 0.49 meqO,/Kg [22]. According to table 1, although slowly,
PV of ASCF samples continually increased during the entire storage
period regardless of the storage condition and packaging used.

Lipid oxidation rates are directly related to temperature [23]. In
this study, PV increase was highest in samples stored at 35°C. A PV
of 2.31 meq O,/Kg was the highest recorded among all the samples.
At all the different sampling stages in the three storage environments,
increase in PV based on packaging material was in the order of Kraft
paper>Kraft paper with polyethylene lining>Aluminum pouch.
Packaging materials differ in permeability to environmental factors
that may affect the rate of fat oxidation. Light, oxygen and water
activity among others influence the rate of fat oxidation [24] exposure
to light and oxygen increases the rate of fat oxidation [25]. Water
activity also influences the rate of oxidation whereby from 0.3-0.8a
S the rate of oxidation increases due to dissociation of catalysts as
well as the mobility of oxygen and metal ions hence increasing the
rate of oxidation of lipids [26]. Analysis of variance showed that the
interaction between the effect of package and storage condition on the
PV was not significant (P=0.9902). However the storage period had a

significant effect on PV (P=0.000) whereby PV was seen to increase
significantly with increase in storage period regardless of the storage
condition and package used.

Although there was continuous increase in PV with storage time of
ASCE results revealed that the product had good oxidation stability.
This is because 2.3 meq O,/Kg was the highest PV obtained after 180
days storage. A product with PV below 5 meq O,/kg is classified at
low oxidation state, that between 5 and 10 meq O,/kg at moderate
oxidation and above 10 meq O,/kg is classified at high oxidation
state. The PV limit of refined oil according to East African Standard
is 10 meq O,/kg (EAS 795:2013). Codex gives a general PV limit of
15 meq/kg for virgin oils [27]. Therefore at 180 days storage even at
35°C, ASCF can be classified at low oxidation state as its PV was not
above the limit. Amaranth seed oil is considered to be very stable
even without addition of antioxidants according to a study that was
carried out on oxidation stability of amaranth oil [28]. Gamel TH, et
al. [20], found that amaranth oil had good oxidation stability better
than sunflower oil.

According to East African Standards on processed cereal based
foods for infants and young children, the formulated product should
be free from rancid or musty odor or flavor [29]. Frankel EN [30]
reported that acidity and a rancid taste often started to be noticeable
in foods when peroxide values were between 20 to 40 meqO,/Kg. In
this study, the highest was 2.31 meq O,/Kg. To predict the shelf life of
the flour, 10 meqO,/Kg was taken as a quality reference estimation of
a maximum acceptable PV. This limit was established using the East
African Community Standard 795: 2013 (2013), applicable for refined
oils. Linear equation of a plot of PV (meqO,/kg) versus time in days
figure 2 was used to predict the shelf life of ASCF stored in different
storage conditions.

Results showed that, samples packaged in kraft paper and stored
at 35°C could last for 860 days, at 25°C, 980 days, and at ambient
condition, 1102days. Considering that samples packaged in Kraft
paper had the highest PV, it can be concluded that ASCF is shelf life
stable in regard to fat oxidation.

Conclusion and Recommendation

Amaranth sorghum grains complementary food packaged in
aluminum pouch can last for 180 days without any major changes of
moisture content and peroxide levels at ambient and 25°C, 60% RH
storage conditions. Storage in Kraft paper with polyethylene lining
and kraft paper led to higher increase in moisture content above
the recommended maximum limit 4% for processed cereal based
foods for infants and children hence a shorter shelf life. Overall, it
is reccommended that the product be stored below 25°C with careful
consideration given to the moisture content of the atmosphere and the
type of package.
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