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ABSTRACT

Shelf life can be simply defined as the
duration of that the food remains acceptable for
consumption. Determining shelf life of a product,
thus, has become essential in quality control
because consumer’s demands for safe and high
quality products have increased. Accelerated
shelf life testing (ASLT), which subjects the food
to environments that are more severe than
normal to speed up the deterioration process,
has long been used in shelf life studies because
it can help make decisions more quickly by
minimizing time and it minimizes costs. The
criterion used to determine shelf life can be the
changes in either physical, chemical, biological
or sensory characteristics.

This study used sensory descriptive
properties as the primary criteria to investigate
the validity of using Accelerated Shelf Life
Testing (ASLT) to determine shelf life of four
extruded fortified blended foods (FBFs)
compared to a real time model. The real-time
environment was set at 30°C and 65% relative

humidity, based on the weather in Tanzania, the
expected location of product use. The ASLT
environment was at 50°C and 70% relative
humidity based on a Q factor of 2, which was
equivalent to a one-week ASLT equals one-
month real time. The samples were evaluated
for aroma and flavor by a highly trained
descriptive panel for 3 time points in each shelf
life model. Among the eighteen attributes tested,
rancid and painty were the main sensory criteria
to determine the shelf life of the products.

The ASLT shelf life predictive model was
consistent with the real time shelf life for three of
the samples. However, it failed to predict the
real time shelf life of the fourth similar sample.
This affirms the essential use of real time
modeling in shelf life study for a new product,
even when an accelerated model has been
developed for other similar products in the same
category. ASLT testing can still be used, but
only for early guidance or after validation.
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1. INTRODUCTION

The quality of most foods and beverages decreases
over time. Thus, there will be a time that the product
becomes unacceptable. This length of time from
production to unacceptability is referred to as shelf
life [1]. There are various definitions of shelf life in
food technology literature reflecting different stand
points. For instance, Labuza and Schmidl [2] took
into account the variation in consumer perception of
quality to define shelf life as “the duration of that
period between the packing of a product and the end
of consumer quality as determined by the percentage
of consumers who are displeased by the product”;
whereas, the Institute of Food Technologists (IFT) in
the United States overlooked the fact that consumers
might store the product at home for some time before
consuming as they defined shelf life as “the period
between the manufacture and the retail purchase of a
food product, during which time the product is in a
state of satisfactory quality in terms of nutritional
value, taste, texture and appearance” [3]. For many
foods, the microbiological characteristics are often
the determining factors for its shelf life; no sensory
data are needed [4]. Yet for many other foods, the
changes in sensory characteristics occur largely
before any risk to consumers’ health is reached,
especially foods that do not tend to suffer from
microbiological changes such as baked goods, flour
and so on [4]. The shelf lives of such foods become
limited by changes in their sensory characteristics
[5]. Therefore, sensory shelf-life estimation of foods
has recently become increasingly important and
resulted in a need for development and applications
of new methodologies [6]. Giménez, et al. [6] also
reported that the numbers of articles included in
Scopus database including the words shelf-life and
food in their title, abstract or keywords has increased
3 times from 2002 to 2011.

Accurate estimation of shelf life is crucial for both

manufacturers and consumers, given that consumers’

demands for safe and high quality foods has rapidly
increased. Sensory shelf life determination based on
consumer hedonic scores has been used often in
quality control. This approach requires a cut-off
hedonic score. For instance, it could be an arbitrary
mean acceptance of 5.0 (neither like nor dislike) on a
9-point hedonic scale (e.g.,[7]). However, according
to Corrigan, et al. [8], this method does not always
accurately reflect consumer behavior in deciding
whether to accept or reject a product for consumption
and the hedonic cut-off point is likely to be product
dependent as some product types will never score
highly even when fresh. Giménez, et al. [6] reviewed
current methodological approaches from designs to
different sensory testing approaches to modeling and
data analysis. Those authors confirmed that sensory
descriptive analysis using trained panels is another
popular approach for sensory shelf life estimation.
Muiioz et al. (1992) demonstrated an example of a
descriptive evaluation of potato chips and the range
of sensory specifications. Lareo, et al. [9] used this
methodology for estimating the shelf life of lettuce
based on visual appearance. Jacobo-Velazquez and
Hernandez-Brenes [10] applied it to shelf life of
avocado paste. Sensory shelf life also can be
determined based on one key attribute. The intensity
of rancid flavor was used in Nattress, et al. [11] to
estimate the sensory shelf life of dark chocolate
containing hazelnut paste while oxidized flavor was
the key attribute to determine shelf life of whole milk
in Nielsen, et al. [12]. Another challenge with shelf
life testing is to develop experimental designs that
minimize cost and reduce time while still be reliable
and valid [1]. Many food products are expected to
have shelf lives of several months or perhaps years,
making real time shelf life testing not practical for
food companies where decisions need to be made in a
timely fashion. Therefore, accelerated shelf life
testing (ASLT) often is preferred in industry as it
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satisfies the requirement of time and thus, reduces
cost. In ASLT, the food products are subjected to
controlled environments in which one or more of the
extrinsic factors such as temperature, humidity, gas
atmosphere or light are set at a higher-than-normal
level. In such environments, the food is expected to
deteriorate more quickly, reaching the stage of failure
in a shorter-than-normal time. The results obtained
from ASLT are then extrapolated to obtain the shelf
life estimates at the normal storage conditions [8].
However, according to Robertson [1], ASLT is not
very well accepted in the food industry, partly
because of a lack of basic data on the effect of
extrinsic factors on the deteriorative rate. Products
deteriorate in different ways including through
chemical, physical and temperature-related changes.
Therefore,
mechanisms driving changes during storage to
determine the correct accelerating factors to use
Corrigan, et al. [8]. Besides, the accelerated storage
conditions may cause product quality changes that
would not normally occur under normal conditions
[13]. Often, to set up an ASLT, a company has to
determine an accelerating factor either from
experience or a rule-of-thumb or from data of
previous similar products. Thus, the deteriorating
factor has an uncertainty degree cannot be accounted
for in the shelf life estimation [5]. This method also
assumes that the new product design has the same
acceleration factor [14]. Consequently, ASLT has the
possibility of resulting in an inaccurate shelf life.

it’s very crucial to understand the

This study aimed to investigate the validity of
using ASLT to estimate the sensory shelf life of
extruded fortified blended foods (FBFs) in
comparison to using real time shelf life testing.
Sensory attributes were used as the key factors to
determine the shelf life of the products in both shelf
life models.

2. MATERIALS AND METHODS
2.1 Samples

Fortified extruded foods (FBFs) have been widely
used in many different feeding programs by
international food-aid organizations such as USAID,
WFP, and USDA-FAS. These types of foods are
commonly developed by blending corn and soy flour
or corn and wheat flour, and then fortified with
various vitamins and minerals. FBFs have found a
variety of practical use of recipe such as porridge,
FBF drink, roasted blended food drink, soup and so
on [15]. In an effort to improve the formulation of
existing FBFs, FAQR (Recommendation #18) [16]
encourage blend combinations of sorghum-soy,
sorghum-pea, millet-soy and rice-soy besides
traditional cereals such as wheat and corn. Sorghum
grain is home-grown in Africa and has steadily
gained importance as the chief nutritional component
of foods used in aid programs. Sorghum is seen as an
important source of calories and proteins [17] and an
enriched source of B vitamin [18] and minerals such
as potassium and phosphorus. Therefore, various
FBFs have been developed from sorghum flour at the
Department of Grain Science of Kansas State
University and subjected to shelf life testing. Due to
the product’s quality as shelf stable, ASLT was
mainly employed to determine its shelf life.
However, real time testing was also conducted for
four samples to validate the results from ASLT.

These four extruded fortified blended foods used
as porridges were whole sorghum soy blend (WSSB),
whole sorghum soy blend with oil (WSSB+oil),
decorticated sorghum soy blend (DSSB) and
decorticated sorghum soy blend with oil (DSSB+aoil).
The samples consisted of a base formulation made of
either whole (for WSSB and WSSB+oil) or
decorticated (for DSSB and DSSB+oil) sorghum
flour (67.27%), defatted soy flour (21.13%), and
whey protein concentrate (30%). Then vegetable oil
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(5.5%) was added to the premixed formulation before
extrusion to create the two samples with oil. The
premix was then extruded at high energy of 450 rpm
with 20% process moisture. Extruded products were
dried at 104°C and then cooled at room temperature
on a cooling belt. The extruded products were then
milled and sieved through a 900 pm sieve before
micronutrient fortification. WSSB and DSSB were
fortified with 3% mineral, 0.1%vitamin, and 5.5% oil
while WSSB+oil and DSSB+oil were fortified with
only mineral (3%) and vitamin (0.1%).

2.2 Shelf life testing design

The real time storage condition was set at 30°C
and 65% relative humidity. These set points were
based on the tropical weather of Tanzania, the
expected location of product use. The accelerated
storage condition was at 50°C and 70% relative
humidity. These parameters were based on the Qi
factor [1]. The Qo value is a temperature quotient
that reflects the change in reaction rate for every
10°C rise in temperature. Mathematically: Qo =

%. Qo is also found as the ratio between the shelf
T
life at temperature T (°C) to the shelf life at

s if the

temperature T+10 (°C) or: Qi =

O5(T+10)

temperature difference is A (A = T, — T1) rather than

10°C, the following equation is used: (Q10)!° = %
s(T2)
[1]. Therefore, with the assumption that the

deteriorative factor Qi o was 2, the temperature
difference A = 50 — 30 = 20 (°C), the accelerated time
intervals corresponding to the real time intervals were
shown in table 1.

2.2 Descriptive Analysis

All four FBFs were subjected to both shelf life
testing models. At each testing time point, sensory
descriptive analysis was conducted to evaluate the
flavors and aromas of all samples using a descriptive
panel of the Sensory Analysis Center at Kansas State
University. This panel consisted of six highly trained
panelists who have experienced more than 1000
hours of sensory testing, including grain products.

The samples used in the descriptive analysis
testing were porridges made from the fortified flours.
The porridge was prepared to 20% solid content by
adding 50 g flour (either WSSB, WSSB+oil, DSSB,
or DSSB+oil) to 230 ml of boiling water, bringing
back to a boil and cooking for 2 minutes while
continuously stirring with a wooden spoon. Sample
was cooked to a final weight of 250 g by checking
the weight at 2 minute and every 10 sec after, if
needed. This procedure allowed maintaining the
desired solid-water ratio without any need of adding
water back. Sample was then placed in a 400 ml
beaker to cool down to the serving temperature of 30-
35°C. Approximately 30 g of porridge was then
served in a 120 ml Styrofoam cup labeled with a
three digit code. The porridge samples were
individually evaluated for 18 flavor and aroma
attributes on a 15-point scale (0 = none to 15 =
extremely high) with 0.5 increments using a
randomized complete block design. Each sample was
evaluated in duplicate in two sessions. The panelists
used deionized water, carrots and unsalted crackers to
cleanse their palate between samples.

Table 1. Shelf life time interval (weeks) for the corresponding accelerated and real time models

Testing time point

ASLT (weeks)
50°C, 70% RH

0

Real time (weeks)
30°C, 65% RH
0 0
6 24
9 36
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3. DATA ANALYSIS

Intensity scores on the 15-point scale were
averaged over 6 panelists and 2 replicates to result in
an average panel score for each attribute per each
sample in both shelf life models. Only the data of the
key attributes were presented in this paper.

4. RESULTS AND DISCUSSIONS

During the orientation session of 2 hours, the
sensory panel developed 7 aromas and 11 flavor
attributes to describe the porridge samples. The
aromas included grain, musty, cardboard, toasted,
brown, rancid, and painty. The flavor consisted of
overall flavor, sorghum, soy, starch, toasted, brown,

cardboard, musty, rancid, painty and astringent.
Among those attributes, rancid and painty were
chosen to be the key attributes to determine the shelf
life of the products. The acceptable range of these
two attributes was set from 0 to 5 on the 15-point
scale. Any sample that scored higher than 5 was
considered a failure. Table 2 and table 3 show the
average panel scores (with standard deviation) for
rancid and painty aroma and flavor of all samples in
the real time shelf life model. Based on the
predetermined criteria of the acceptable range of
these two attributes, WSSB + oil, DSSB + oil and
DSSB had shelf life of somewhere before 36 weeks
or 9 months. Only WSSB was still acceptable after 9
months of storage.

Table 2. Average panel scores for rancid and painty AROMA for the products in the Real time model: time 0 — no storage;
time 1 — 24 weeks, time 2 — 36 weeks. Standard deviations are shown in parentheses.

Rancid Aroma Painty Aroma
Sample - - - - - -
Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
WSSB + oil 0.58 (1.08) | 1.58 (2.22) | 7.96 (0.33) 0.13(0.45) | 0.71 (1.17) | 4.21 (0.33)
WSSB 0.46 (0.83) | 0.92 (1.48) | 2.25(0.78) 0.00 (0.00) | 0.46 (0.68) | 0.88 (1.17)
DSSB + oil 0.50 (0.76) | 0.92 (1.57) | 6.00 (1.33) 0.00 (0.00) | 0.25(0.58) | 3.42(0.59)
DSSB 0.50 (0.08) | 0.33(0.61) | 11.04 (2.94) 0.00 (0.00) | 0.00 (0.00) | 9.92 (3.87)

Table 3. Average panel scores for rancid and painty FLAVOR for the products in the Real time model: time 0 — no storage;
time 1 — 24 weeks, time 2 — 36 weeks. Standard deviations are shown in parentheses.

Rancid Flavor Painty Flavor
Sample - - - - - -
Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
WSSB + oil 0.88 (0.97) | 2.00 (2.18) | 9.04 (0.75) 0.08 (0.28) | 1.00 (1.49) | 7.67 (0.61)
WSSB 0.54 (0.81) | 1.29 (1.65) | 4.08 (1.36) 0.00 (0.00) | 0.42 (0.76) | 1.33(1.21)
DSSB + oil 0.75(0.89) | 1.17 (1.64) | 8.71 (1.40) 0.00 (0.00) | 0.33(0.61) | 6.83(2.42)
DSSB 0.54 (0.54) | 054 (0.89) | 12.00 (2.46) | 0.08(0.28) | 0.13 (0.43) %3?77%

The results from the ASLT model (Tables 4 and 5)
supported the conclusion drawn from the real time
model for WSSB+oil, DSSB+oil and WSSB, but not
for DSSB. The ASLT data showed that DSSB had
rancid and painty aroma and flavor in the acceptable
range at the testing time of 9 weeks, which was

assumingly equivalent to a 36 weeks or 9 months in
the real time model. In addition, the intensities of
these attributes were far below the acceptable
threshold, which implied that DSSB’s shelf life could
be longer than 9 months. This disagreed with the
result from the real time model.
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The ASLT model in this study was set up based
on the assumption that all four FBFs flours had the
same deteriorate factor, which was Qo = 2. Yet the
result showed that DSSB seemed to have a different
deteriorate factor from the other three. As DSSB was
completely rancid at 9 months (36 weeks) in the real
time model but not yet at 9 weeks in the ASLT
model, the Qo factor of this sample should be smaller
than 2, which would result in a longer storage time in
the ASLT environment to approach the deteriorate
process in real time. This result made sense given the
nature of DSSB, which was made from decorticated
sorghum flour and did not have oil added before
extrusion. The extrusion process, due to its high
energy, was expected to affect the fat content in the
flour, causing it to rancid. Therefore, WSSB+oil and
DSSB+oil, because of the higher amount of oil before
extrusion, would go rancid faster than DSSB. In
addition, the real time model in this study was, in
fact, a controlled environment in an environmental

chamber with temperature kept at 35°C and humidity
always around 65%. Therefore, this real time model
can be seen as an ideal given the fact that real
weather is not always this stable. Even with this ideal
set up, the accelerated model still failed to predict the
shelf life of one sample. Thus, if the real time shelf
life testing had been conducted at the real location,
under the influence of other factors from the weather
during the year, the shelf life obtained from this
model could be quite different from what was
obtained from the accelerated model.

In this case, if ASLT with a Qyo factor of 2 had
only been conducted with WSSB+oil, DSSB+oil, or
WSSB a “valid” accelerated shelf life model might
be a logical conclusion. However, using such an
ASLT model for DSSB would have predicted a much
longer shelf life than actually was found in real life
testing. Therefore, ASLT must be used with caution
and it is always necessary to validate the ASLT
results with real time shelf life testing.

Table 4. Average panel scores for rancid and painty aroma for the products in ASLT model: time 0 — no storage; time 1 — 6
weeks, time 2 — 9 weeks. Standard deviations are shown in parentheses.

Rancid Aroma Painty Aroma
Sample - - - - - -
Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
WSSB + oil 0.58 (1.08) 0.79 (1.07) 9.29 (0.54) 0.13 (0.45) | 0.00 (0.00) | 5.29(1.01)
WSSB 0.46 (0.83) 1.79 (1.38) 0.67 (1.61) 0.00 (0.00) | 0.13(0.43) | 0.42(0.99)
DSSB + oil 0.50 (0.76) 1.50 (1.58) 8.38 (1.77) 0.00 (0.00) | 0.29 (0.68) | 5.13(1.28)
DSSB 0.50 (0.08) 0.54 (1.01) 0.58 (1.50) 0.00 (0.00) | 0.00 (0.00) | 0.50(1.33)

Table 5. Average panel scores for rancid and painty flavor for the products in ASLT model: time 0 — no storage; time 1 — 6

weeks, time 2 — 9 weeks. Standard deviations are shown in parentheses.

Rancid Flavor Painty Flavor
Sample - - - - - -
Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
WSSB + oil 0.88 (0.97) 2.42 (1.25) 9.25 (1.25) 0.08 (0.28) | 0.92 (0.97) | 5.38(0.91)
WSSB 0.54 (0.81) 3.42 (1.04) 1.88 (2.65) 0.00 (0.00) | 0.79 (0.86) | 0.50 (1.00)
DSSB + oil 0.75 (0.89) 2.58 (1.80) 9.50 (1.02) 0.00 (0.00) | 1.29 (1.23) | 5.79(1.15)
DSSB 0.54 (0.54) 2.08 (1.25) 1.25 (2.29) 0.08 (0.28) | 0.75(0.98) | 0.50 (1.06)
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5. CONCLUSIONS

This study applied sensory descriptive analysis
for estimation of sensory shelf life of several
samples of fortified blended foods, which could be
used in food aid programs in Tanzania and other
countries. The study demonstrated the essential use
of real time shelf life testing for a new product,
even when an accelerated model has been
developed for other similar products in the same
category. ASLT testing should be used for early
guidance, but the results must be validated using
real time testing.
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TOM TAT
Nghién ctru nay nhdm danh gid nang luc
clia phuong phap gia téc (accelerated shelf life
testing—ASLT) trong nghién ctru xac dinh vong
doi sdn phédm béng céach so sénh véi phuong
phép thoi gian thuc té (Real time shelf life

testing—RT). M&u nghién ctru Ia bén hén hop bét
dau nanh va lua mién (sorghum) cé b6 sung
vitamin va khoang chat, la cac san phém sé
dwoc st dung trong cac chuwong trinh ctu tro
lurong thuc cta té chire ciru tro Hoa Ki (USAId).
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Mé hinh vong doi sdn phdm theo phuong phép
thoi gian thuc té c6 nhiét do 30°C va do &m
twong dbi 65%, dwa trén moéi truong cla
Tanzania, la noi dw tru tiéu thu san phém. Mobi
truong bdo quan san pham theo phuwong phap
gia téc cé nhiét d6 50°C va do &m twong déi
70%, v6i hé sé gia téc Qio bang 2. Dwa vao hé
sé gia téc nay, mot tudn bdo quén trong moéi
triong gia téc sé khién sén phdm bién déi tuong
dwong v&i mét thang bdo quan trong méi trirong
thuc té. Bén sdn phdm déu duwoc bdo quan
trong ca hai méi trirong va dwoc danh gia phén
tich cdm quan & 3 thoi diém: 0, 24 va 36 tuan
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