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Introduction: The development of shelf-stable foods is necessary to reduce
dependence on refrigeration during their storage and distribution. Current
trends in shelf-stable foods have seen a continuous rise in consumer demand
that triggers research studies in the formulation, shelf stability, processing, and
manufacturing of sauces frequently used by the food service industry. This study
evaluated the shelf-life stability of chicken wing sauce with different flavors (hot,
lemon pepper, sweet chili, teriyaki, and mild).

Methods: All sauce formulations were developed and thermally processed to
pasteurize using the hot-fill-and-hold (87.75°C for 5 min) method in a portable
container which was then kept at ambient temperature (18.35°C ± 2) for 12
months. The samples were drawn periodically and analyzed for color,
rheology, sensory, and microbial load.

Results: The study’s findings revealed that sauceswith different flavors (hot, lemon
pepper, sweet chili, teriyaki, and mild) significantly declined in color and
appearance, including viscosity, after ten months of storage. A very similar
trend was noticed in textural changes. With the advancement of storage time,
textural changes became prominent in lemon pepper and sweet chili sauce
compared to hot teriyaki and mild sauces. Microbial analyses indicated the
absence of pathogenic organisms, and no microbial activity was observed
throughout the storage for up to 12 months. Among all sauces studied in this
research project, lemon pepper exhibited a drastic decline in flavor, including
some rancidity development after seven months of storage.

Discussion: Extension of the shelf life and overall quality of the most commonly
used sauces in the food service industry is of paramount importance. A better
understanding of the changes in the physicochemical properties of sauces during
storage can help food processors understand the expected changes.
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1 Introduction

In recent years, the percentage of food consumers seeking new
international flavors and food experiences has steadily risen. A
multinational survey found that 42% of the surveyed consumers
prefer to seek novel flavors and food experiences. Growth in the
shelf-stable sauce has dominated grocery stores with an approximate
increase of $5.4 billion over the previous year (Nielson, 2019). The
condiment category encompasses hot sauces, table sauces, dressings,
and other condiments catering to this consumer demand. Increasing
consumer willingness to experience foods with heat, pungency
spices, and exotic flavors provides new food product developers
numerous opportunities. In this regard, the revenue from the global
sauce market was estimated to be $2.3 billion in 2018 and is
projected to touch $3.7 billion in 2026 (Fortune business insights,
2019).

Food product quality in the broad sense is its ability to satisfy
consumer expectations. This is usually delivered per expectations
that arise from sensory cues such as appearance, aroma, taste,
texture, and mouthfeel associated with the type of food. Quality
indicators could change according to the chemical and physical
changes occurring in food throughout its storage (Van Boekel,
2008). Some chemical reactions occurring in food are the
breakdown of- or oxidation of-macromolecules such as fats,
protein, etc., that could likely alter the physical properties of
food products. Additionally, the growth of spoilage and/or
pathogenic microorganisms is problematic for processing
because the product is exposed to dynamic conditions during
storage, transportation, and distribution (Chen et al., 2019).
Therefore, the understanding of the chemical, physical, and
microbiological properties of food is critical to food product
quality and safety. As the food industry evolves continuously,
time is of the essence for processors to establish or maintain a
competitive edge. In this regard, new food product developers seek
the information necessary to determine the shelf life of products in
a relatively short time (Mizrahi, 2000).

The shelf-life studies help food processors, and handlers
determine quality changes during storage and transportation. The
shelf-life determination of sauces is limited since most studies have
been done on oriental sauces (Lee et al., 2015; Taşkaya et al., 2016;
Kim et al., 2018; Kim et al., 2019). The objective of this study was to
determine the physical, chemical, sensory, and microbiological
changes in the quality characteristics of five developed American-
style chicken wing sauces during real-time ambient shelf storage.
Furthermore, the products were assessed from amicrobiological and
sensory perspective to determine the extent of shelf life to which the
product stays acceptable and safe for human consumption.

2 Materials and methods

2.1 Sauce formulation

The shelf-stable chicken wing sauce was developed using a
base formulation along with different ingredients to obtain
distinct flavors (hot, lemon pepper, sweet chili, teriyaki, and
mild). A preliminary trial was conducted using four different
types of gelling agents and evaluated for the physicochemical

properties of the finished product. The modified starch was
found to be suitable in terms of thermal stability during
cooking, gel structure, syneresis, and capacity to remain viable
during ambient storage for obtaining more extended shelf-life
stability. After that, all ingredient mixes (modified starch [10 kg],
seasonings and spices [5 kg], and emulsion stabilizing gum
[2 kg]) were added to boiling chicken stock (100 L). The
gelling agent was dispersed and blended with the ingredients
with a high-speed homogenizer (3,500 rpm) and evaluated for
the best consistency and product gel characteristics. Visual and
instrumental color (CIE L*, a*, and b*, Hue, and Chroma)
observations were performed to determine each sauce’s color,
overall appearance, and consistency attributes. All preparation
stages, including blending and dispersion, were completed in a
food-grade stainless-steel steam jacketed kettle fitted with a
steam source to quickly heat churn and stir the sauces to
smooth consistency (Cleveland MKDT-12-T 12 Gallon Tilting
2/3 Steam Jacketed Direct Steam Tabletop Mixer Kettle). All
experiments were repeated a minimum of three times and
collected data were averaged for statistical analysis.

2.2 Thermal processing of sauce

Hot-fill-and-hold thermal processing was used to ensure all
parts of the sauce ingredients were sufficiently pasteurized to reduce
the microbial load to a safe level for human consumption.
Additionally, hot-fill thermal processing (heating time and
temperature combinations) was optimized to inactivate enzymes
that could cause deterioration in food quality. Thermal processing
was achieved in a batch-type stainless-steel steam jacketed kettle
fitted with a steam source with a continuous capacity stir for
informed heating and consistency. To successfully inactivate
undesirable microorganisms during batch thermal processing, a
combination of time and temperature treatments were employed,
such as a high temperature of over 96.11°C with 60 s of holding time,
a temperature of 90.55°C with 45 s of holding time, etc.
Microbiological lethality of 5-log CFU reduction was achieved at
a temperature of 90.55°C with 45 s of holding time. After thermal
processing, a stainless-steel steam jacketed kettle was tilted to fill a
five-gallon high-density polyethylene (HDPE) container (suitable
for the high-temperature hot-fill-hold methods) and immediately
capped.

After filling, the HDPE container (Dimension: 27.95 cm L ×
25.40 cm W × 35.56 H; White color) was cooled to ambient
temperature and stored for further characterization. Microbial
and other quality analyzes were performed to evaluate the
effectiveness of the thermal process using the hot-fill method.
A minimum of six independent batches were processed using the
hot-fill method, and the collected data were averaged for
statistical analysis. Each batch was prepared in a commercial
setting with a minimum of 40-gallon batches to simulate
commercial food production and manufacturing; each set was
independently replicated at six different times. Processing steps
(thermal processing criteria: time and temperature) were
modified to meet the optimum final product quality and food
safety criteria for pasteurized foods and stored for 12 months
in dark.
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2.3 Product analysis

Product analysis for overall yield, pH, textural attributes, and
color characteristics was studied to understand the structure-
function relationship of flavored gel ingredient components and
their interaction. More specifically, these analyses were
performed to optimize the textural and visual properties of the
flavored gel. Both quantitative and qualitative measurements
were performed, and the collected data was analyzed to find
the finished product.

2.3.1 Measurement of product yield
In this analysis, the slurry was mixed in a tared heat-transferring

bowl and filled into pre-weighed pouches. The product yield was
measured using Eq. 1:

Product yield %( ) � w2 − w1

w0
( ) × 100 (1)

where w0 is the initial weight (g) of the slurry before heating, w2 is
the weight (g) of the finished product in the pouch, and w1 is the
weight (g) of the empty container.

2.3.2 Sauce pH measurement
The pH analysis was performed using a Benchtop Meter

(ThermoFisher Scientific, Waltham, MA, United States) that was
standardized using pH 4 and 7 buffers before sampling. The
pH measurements of sauce samples recorded for each sauce
sample measurement were replicated a minimum of three times
on different occasions and averaged for statistical analysis.

2.3.3 Characterization of sauce viscosity
Approximately 200 ml of the sauces were portioned into glass

beakers. A Brookfield digital viscometer (Brookfield DV-E, model:
DV1MRVTJO, MA, United States) with a cylindrical probe (LV# 1)
was used to measure the dynamic viscosity profile by varying the
shear rate. The probe was immersed into the sauce samples up to the
fill line, and the shear rate was gradually increased in steps starting
from 0 to 3 rpm (0–0.05 revolutions per s). Apparent viscosity was
measured when a steady value was obtained for each shear rate
tested. The values for shear rate and increment steps varied for each
sauce due to the different viscosities of their ingredients. One scan
from 0 to the maximum shear rate value specific to sauces was
considered one replicate. The sauce samples’ viscosity
measurements were replicated a minimum of three times on
different occasions and averaged for statistical analysis.

2.3.4 Characterization of viscosity parameters
The equations to characterize non-Newtonian fluids are the

power law (Eq. 2) and the Herschel-Bulkley model (Eq. (3)).

τ � K γ( )n (2)
τ � τ0 + K γ( )n (3)

Eq. (2) can be represented as follows:

μ � K γ( )n−1 (4)
Where τ is the shear stress (Pa), τ0 is the yield stress (Pa), γ is

shear r (s-1), µ is the apparent viscosity (Pa.s), n is the flow behavior

index (dimensionless), and K is the consistency index. For each
sauce, the average values of apparent viscosity observed with
variation in shear rate were plotted using Eq. (4).

2.3.5 Instrumental color Measurements using CIE
L*, a*, and b*

Sauce color characteristics were measured using a HunterLab
MiniScan™ EZ Plus Spectrophotometer (Hunter Associates
Laboratory, Inc., Reston, VA). The colorimeter was standardized
using black and white tiles, creating a range of 0 (black) to 100
(white) for L*. Approximately 2 ml of sauce was transferred into a
transparent plastic dish used for water activity measurement, CIE
color indices of L*, a*, and b* were measured where L* represents
lightness ranging from black to white, a* represents colors ranging
from red to green and b* represents color ranging from yellow to
blue. The instrument was standardized before each measurement
using the same dish over its aperture and the manufacturer’s
standards (black and white tiles). All measurements were
recorded in a dark room with no direct light entry to prevent
any interference in the photometric reading. All measurements
were recorded in triplicate and then averaged for statistical analysis.

Change in instrumental color was calculated by Eq. 5 using the
CIE color index as follows:

ΔE � ΔL*( )2 + Δa*( )2 + Δb*( )2[ ] (5)

The hue and chroma values were determined using the following
formulae:

Hue � arctan
b*
a*

(6)

Chroma �
���������
a( *2 + b*2)√

(7)

2.4 Microbiological analysis

For microbiological analyses, methods were followed to the
extent applicable and wherever possible briefly modified to meet
sampling requirements for this study. Accordingly, for each sauce
formulation, appropriate amount of sauce samples was aseptically
withdrawn into a sterile sample cup. Samples were then submitted to
the following tests: aerobic plate count (AOAC, 1999), yeast and
mold count (AOAC, 1997), coliform and generic Escherichia coli
(AOAC, 1995), lactic acid bacteria count (Wang et al., 2002), Listeria
monocytogenes (AOAC, 2013), and Salmonella (AOAC, 1992). For
each microorganism sampling, methods were briefly modified to
meet the sampling requirements of this study.

Briefly, for each microorganism sampling, at each sampling
time, approximately, 9.0 ml of sauce sample was mixed with
0.1 g/100 g peptone water (BD Chemicals, Franklin Lakes, NJ)
was pipetted into a sample cup. A neutralizing broth was used to
neutralize the samples acidic pH before plating. The sample cup
containing 9 g of sauce were then thoroughly mixed with a sterile
L-shaped spreader. Appropriate serial dilutions were prepared from
the mixture in peptone water. Approximately, 1.5 ml of each desired
dilution was pipetted into spiral plate cups. The selected dilutions
were plated using a Neutec Eddy Jet 2 spiral plater (IUL Micro,
Barcelona, Spain). The plates were incubated at 37°C before
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enumerating the bacteria as colony-forming units (CFU). Each
sauce type was platted in triplicate and bacterial population
counts were averaged for statistical analysis. Each experiment was
repeated for a minimum of three times at three independent
occasions.

2.5 Sensory analysis

A panel (n = 10) of assessors (students and semiprofessional;
ages 22–65) was trained during multiple 1-h sessions to become
acquainted with the four attributes (preference tests) of the sauce
(odor, color, texture, and taste) (Russell et al., 2006; Destefanis et al.,
2008; Abdullah et al., 2022). The participants’ recruitment
procedures were reviewed and approved by the University of
Georgia Institutional Review Board (UGA-IRB). Each panelist
evaluated the standards for all three sensory attributes. During
training and orientation, panelists were provided five different
sauce samples from the marketplace. During the four training/
orientation sessions, each panelist presented the samples and the
reference standards and rated the product’s four attributes on a 5-
point scale. Sensory evaluation was performed in triplicate in
individual booths. During all assessments, references for each
point were provided, and each panelist was asked to rate the
sauce 5-point scale (Cavenaghi-Altemio et al., 2022). Water and
unsalted crackers were provided as palate cleansers. The order of
presentation consisted of randomized samples coded with 3-digit
random numbers, with each panelist undertaking three sittings
during each session with a break of 10 min between each sitting.
Blind evaluations were carried out on three consecutive days of
testing. The values were categorized from 1 being average/change to
4 being pronounced changes. A value greater than 2.5 were
considered a significant change in food attributes.

3 Statistical analysis

The data distribution was found to be expected and unimodal.
The conditions were appropriate for parametric analysis. The color
parameters (L*, a*, b*, hue, and chroma), rheological attributes (K,
n), pH, and sensory attributes were independent variables, whereas
storage days were explanatory variables. To determine the
significant effect of storage on sauces, two-way ANOVA was
deployed with Tukey HSD as a post hoc test. For sensory, mixed
model analysis was used where participants were treated as random,
while sauce and storage time were fixed effects. The significance was
tested at a 95% confidence level. All statistical analyses were
performed using JMP®, Version 16 Pro (SAS Institute Inc.,
Cary, NC).

4 Results and discussion

This research study evaluated five different flavored sauces’ shelf
stability and physicochemical properties. Results of this study
revealed that batch thermal processing at a temperature
of ≥71.7°C for a minimum of 15 s was sufficient to render a
shelf-stable product potentially by reducing or eliminating

hazardous microorganisms of human health significance.
Acidified sauces (pH below 4.6) are prone to certain
microorganisms (E. coli O157:H7, L. monocytogenes, Yeast, and
Mold) of public health significance. Proper acidification (pH below
4.6) is necessary to prevent the growth of Clostridium botulinum
spores under ambient storage and distribution conditions.
Appropriate thermal processing criteria must be developed based
on the type of product processed for preventing the growth of
spoilage microorganisms. While pH 4.6 or lower is adequate to
prevent growth and toxin production by C. botulinum, it may not be
adequate to prevent growth of other microbial pathogens. Thus,
acidified foods must be thermally processed to an extent that is
sufficient to destroy the vegetative cells of microbes of public health
significance and those of non-health significance that can grow in
the product under the conditions in which it is stored, distributed,
and held by the consumer.

4.1 Thermal processing

Thermal processing criteria were developed to ensure finished
product shelf stability, emulsion stability, and product sensory and
visual attributes that may be appealing to consumers. High-
temperature thermal processing (above 96.11°C) with a 60-s
hold-time resulted in the breaking down of the emulsifying agent
and some color deterioration. A lower processing temperature
(90.55°C) with a 45-s hold time resulted in a stable product with
suitable emulsification and color attributes. The thermal processing
criteria were established based on the conventional hot-fill-hold
method generally used for processing canned sauces, which is
known to stabilize product quality and extend shelf life. A
combination of time and temperature during batch thermal
processing has been used effectively to inactivate undesirable
microorganisms in liquid foods (Kathiravan et al., 2014). Amit et
el (Amit et al., 2017)., developed a mathematical model to determine
the requirements for batch thermal process with specific time and
temperature to maximize thermal inactivation of microorganisms of
public health significance and prevention of loss of product quality.

4.2 Color characteristics

The sauces were analyzed for L*, a*, and b* values. The overall
lightness values for all sauces differed significantly from each other
(Table 1). Lemon pepper had a higher lightness value throughout the
storage, followed by hot, mild, sweet chili, and teriyaki (Figure 1).
Hot, mild, and sweet chili sauces had a predominately orange-
reddish hue, whereas teriyaki sauce was brown in color with a
slightly reddish hue. Lemon pepper sauce was bright yellow in color.
It was observed that all sauces except hot sauce experienced a
significant decline in L* value during storage. Hot lemon pepper
and sweet chili did not undergo a significant color change. However,
a significant decrease in chroma values indicated that the sauces
became less bright/darkened by the end of the storage (Table 1).

Instrumental analysis revealed that the mild sauce became
significantly brighter orange as the storage proceeded. The
extensive summary of color and data analysis can be found in
Table 1. The instrumental hue value significantly increased for
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teriyaki sauce during storage, hinting that the redness reduced and
the sauce became slightly browner. However, the ΔE values
throughout the storage never crossed the threshold value of 3.30,
indicating that the change was not visually perceptible. A value
higher than 3.30 indicate the color change is visually perceptible by
humans (Destefanis et al., 2008). Similar studies demonstrated that
the mild brown color of the teriyaki sauce did not alter significantly
after storage. Moon et al. studied color properties of beef slices
marinated in teriyaki and natural compounds blended sauce (Moon
et al., 2017). After 7 days of storage, no visually perceptible color
change was observed inmarinated beef color. Park et al., also showed
that the prepared teriyaki sauce remained its original glossy-brown
appearance after 2 weeks of storage (Park et al., 2006). The
unchanged physicochemical properties during storage are the
cause of this color stability. Figure 2 illustrates the trend of
overall change in color (ΔE) in sauces during storage. The
instrumental data are corroboration by sensory analysis. The
panelists reported slight color change and darkening in all sauces.
The extent of color darkening was greatest for lemon pepper sauce,
followed by hot sauce and mild sauce. The color change perception
for sweet chili and teriyaki was the least (Table 3). Ascorbic acid is
heat sensitive (Kehrer et al., 2010), so lemon juice is susceptible to
thermal abuse during processing and is especially prone to browning
(Jideani and Jideani, 2012). Therefore, some variability in color
parameters for this product is to be expected.

4.3 Product yield

As shown in the table, the product yield calculation revealed that the
percent yield increased with the increase in batch size. Product yield and
thermal process was designed based on brieflymodified version of some
previous studies (Breidt et al., 2014; Tola and Ramaswamy, 2018). The
highest yield (97.02%) and the lowest yield (82.91%). The percent loss
was expected due to the thermal treatment step, and water evaporation
did not occur when the batches were held at a temperature of 76.67°C or

FIGURE 1
Changes in lightness, a*, b*, chroma, and hue values of different
sauces during storage at ambient conditions. (A) represents L*; (B)
represents a*; (C) represents b*; (D) represents Chroma; and (E)
represents Hue Angle.

TABLE 1 Summary of overall least square means of instrumental color for
different sauces.

Sauces L* a* b* Hue ΔE C

Lemon
pepper

32.45 ±
2.51 A

7.79 ±
0.39 D

36.47 ±
2.80 A

77.90 ±
0.84 A

7.75 ±
3.37 A

37.29 ±
2.77 C

Hot 31.24 ±
1.24 B

27.77 ±
0.90 B

34.81 ±
1.89 C

51.39 ±
0.90 B

4.26 ±
2.02 D

44.54 ±
1.97 B

Mild 30.76 ±
3.50 C

28.48 ±
2.02 A

35.70 ±
3.80 B

51.33 ±
1.22 B

7.16 ±
3.48 B

45.68 ±
4.19 A

Sweet Chili 15.22 ±
0.93 D

18.29 ±
1.69 C

19.11 ±
1.77 D

49.38 ±
2.24 C

4.62 ±
2.57 C

26.46 ±
2.43 D

Teriyaki 4.63 ±
0.90 E

3.45 ±
0.92 E

4.00 ±
0.95 E

46.25 ±
0.56 D

1.64 ±
0.89 E

5.29 ±
1.31 E

L* = lightness, a* = red (+) to green (-), b = yellow (+) to blue (-), C = chroma, h = hue, ΔE
= total color change. The values are tabulated as mean ± standard deviation (n = 3).

Responses with different letters indicate significant difference between estimated values

(along column) based on Tukey’s HSD (α = 0.05).
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higher (Bekezhanova and Goncharova, 2018). Repeat experimental
replications demonstrated that all three batches exhibited an
excellent yield. The transformation of raw food ingredients into a
finished product involves complex processing steps. Mass losses
during the processing must be avoided to minimize to increase the
yield efficiency. Unit operations during food production must be
designed to distinguish wanted and unwanted material losses. In this
study, the percent yield of the flavored gel increased with the increase in
batch size, and a significant loss in the product yield was observed
during thermal processing. Product yield efficiency is considered a
critical element of food business success, growth, and success (Azanedo
et al., 2020). Raw material costs wanted, and unwanted losses during
processing and production are the key to maximizing the economic
value of food products in the marketplace. Factors such as seasonal and
local ingredients, food safety, and quality must be included in any
formalized new food product development method (Azanedo et al.,
2020).

4.4 pH measurement

All sauces were acidic in nature with overall lowest to highest pH in
the following order: lemon pepper (2.53), mild (2.87), hot (2.94), sweet
chili (3.01), and teriyaki (3.29). The pH change was minimal during
storage for most of the sauces; the range of change in pH for all sauces
was around 0.21 except for teriyaki. The teriyaki sauce underwent a
significant decrease in pH (from 3.50 to 3.21) by the end of the storage
(Figure 3). This decrement in pH may be attributed to the presence of
free fatty acids and oils which have been induced by hydrolytic cleavage

FIGURE 2
Illustration depicting a change in ΔE with storage time. The
dotted line served as a cut-off value where the human eye begins to
perceive color visual difference.

FIGURE 3
Changes in consistency index (K), flow behavior index (n) and pH
values of different sauces during storage at ambient conditions.

TABLE 2 Summary of overall least square means of rheological properties and
pH for different sauces.

Sauces n K pH

Lemon pepper 0.34 ± 0.03 B 514.89 ± 201.91 A 2.53 ± 0.07 E

Hot 0.21 ± 0.03 D 795.97 ± 330.69 A 2.94 ± 0.06 C

Mild 0.24 ± 0.01 C 643.43 ± 250.92 B 2.87 ± 0.08 D

Sweet Chili 0.36 ± 0.02 A 775.92 ± 235.14 B 3.01 ± 0.07 B

Teriyaki 0.35 ± 0.04 AB 598.03 ± 179.89 C 3.29 ± 0.11 A

K = flow consistency index (Pa.s), n = flow behavior index. The values are tabulated as

mean ± standard deviation (n = 3). Responses with different letters indicate significant

differences between estimated values (along column) based on Tukey’s HSD (α = 0.05).

FIGURE 4
Changes in pH values of different sauces during storage at
ambient temperature conditions.
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of triglycerides due to unwanted moisture migration during storage
period (Modi et al., 2006). A research by Yun et al. demonstrated that
bacteria living and expanding in the food might create organic acids or
lead to the hydrolytic breakdown of lipids, which can result in the
production of fatty acids and a drop in pH (Yun et al., 2007).
Additionally, according to the Kristott et al. the pH drop might be
due to the oxidative deterioration of the oil components originate in
chickenwing sauce during the storage (Kilcast and Subramaniam, 2000;
Kristott et al., 2000). Since the other sauces showed minor pH changes

during storage, a pH of 2.5–3 would be recommended for suppress the
growth of microbes. Therefore, a pH range of 2.5–3 would be optimal
for the safe storage and shelf life extension (12 months) of chicken
wings sauces (Björkroth, 2005). Several studies showed that low
pH promotes the microorganism deterioration by acid stress which
results in shelf life extension of the product. Giatrakou et al. studied the
shelf life extension of ready to cook chicken products by lowering the
pH of the matrix (Giatrakou et al., 2010). It was observed that the low
pHhurdles the growth ofmicroorganisms (2–3 log CFU reduction) and

TABLE 3 Average scores for sensory attributes including color, odor, taste and texture for all sauces stored under ambient conditions for 12 months.

Attributes/Months 1 2 3 4 5 6 7 8 9 10 11 12

Hot

Odor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10

Color 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.15 1.25 1.50 1.50 1.50

Texture 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Taste 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.10 1.10 1.15 1.15 1.15

Sensory Average 1.00 1.00 1.00 1.00 1.00 1.00 1.05 1.06 1.09 1.16 1.16 1.19

Mild

Odor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10

Color 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.15 1.20 1.25 1.45

Texture 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Taste 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.10 1.10 1.15 1.15 1.15

Sensory Average 1.00 1.00 1.00 1.00 1.00 1.00 1.03 1.05 1.06 1.09 1.10 1.18

Sweet Chili

Odor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10

Color 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.10 1.10

Texture 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.10 1.10

Taste 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.10 1.10 1.10 1.15

Sensory Average 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.03 1.03 1.08 1.08 1.11

Teriyaki

Odor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Color 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.10 1.10

Texture 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.10 1.10

Taste 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.10

Sensory Average 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.05 1.08 1.08

Lemon Pepper

Odor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10

Color 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.15 1.25 1.50 1.75 2.00

Texture 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.10

Taste 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.10 1.20 1.30 1.40 1.60

Sensory Average 1.00 1.00 1.00 1.00 1.00 1.00 1.05 1.06 1.11 1.20 1.31 1.45

SM = Storage months. The recordings were obtained from 4 panelists. Sensory scale – odor:1 (normal odor) to 4 (strong off odor), color: 1 (no change in color) to 4 (pronounced discoloration),

texture: 1 (no change in appearance) to 4 (pronounced change in appearance) and taste: 1 (fresh taste) to 4 (pronounced rancid).
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the shelf life extended upto 4–6 days. In another study, Karam et al.
prepared an acidic based marinade paste (pH < 4.4) for shelf life
extension of chicken (Karam et al., 2019). Results showed microbial
deactivation (2.9–3.1 log CFU/g) and shelf-life increment from 15 to
21 days.

The detailed change in pH values has been tabulated in Table 2.
Table shows the pH of each batch; there is no correlation between
batch size and pH. A range of less than 0.5 is an acceptable variation.
As mentioned, lemon juice pH lies between 2 and 3. Adding low-
acid ingredients with alkaline pH may have raised the final
pH higher than pure lemon juice. This product has sufficient
acidity, which may be a hurdle in controlling microbial growth
in food products (Sofos, 2014).

4.5 Rheology

The consistency index (K) and flow behavior index (n) were
experimentally determined to quantify the flow behavior in different
sauces. The K and n dropped significantly during storage, and the
time of viscosity drop varied with the sauce. The K values of hot
lemon, pepper, and mild sauces slightly increased up to the 9-month
of storage, whereas it remained pretty much unchanged for sweet
chili and teriyaki (Figure 4). However, the changes in these flow
behavior attributes were not statistically significant (p < 0.05). The
changes in K for hot lemon, pepper, and mild sauces agreed with the
increase in flow behavior index (n); n slightly rose by the 9th month
of storage, indicating that the flow behavior of the said sauces was
less non-Newtonian. The rest of the sauces did not experience a
significant change in n (Figure 4). All sauces started experiencing a
significant decrease in K at and odor changes around the 10thmonth
of storage; the hot lemon, pepper, andmild sauces saw a reduction in
viscosity at the 10th month of storage, whereas sweet chili and
teriyaki saw a decline in viscosity at 11th month. The sensory analysis
revealed perceptible changes in the viscosity of lemon, pepper, and
sweet chili sauce after the 10th month of storage (Table 3).

4.6 Microbiological analysis

The overall microbial load was low in stored sauces (Table 4).
The aerobic plate count (APC), yeast, mold, lactic acid bacteria, and

coliforms stayed less than 10 CFU/g through the storage period in all
sauces. The presence of pathogenic bacteria was nonexistent during
storage in all sauces, as determined by microbiological analysis.
During storage, the sauces did not exhibit growth Staphylococcus
aureus, E. coli, L. monocytogenes, and Salmonella.

4.7 Sensory analysis

The changes in sensory quality, including color, flavor, and
odor, were minimal during the first 6 months of storage (Table 3).
Of all sauces, lemon pepper experienced significant color and
flavor, whereas teriyaki sauce experienced minimum quality
changes. The panelists indicated the development of slight
rancidity flavor in lemon pepper sauce beginning the 7th
month of storage. Small sensory attribute changes (color, odor,
and taste) were observed in the other four sauces. Lemon pepper
and sweet chili sauces exhibited significant differences in texture.
More specifically, towards the 10th through 12th month of storage,
lemon, pepper, and sweet chili sauces started showing prominent
separation of ingredients, including precipitation of emulsifiers.
These sauces underwent thinning and lowering of viscosity after
the 10th month of storage. The changes in texture were minimal on
the rest of the sauce.

5 Conclusion

This research determined a thermal process criterion and
evaluated the physicochemical characteristics of five different
flavored shelf-stable sauces. This study assessed the
microbiological and sensory attributes of other flavoring
ingredients that can be used for developing shelf-stable sauces for
market-ready products. Our findings show that the thermal process
is adequate to render the finished product free of pathogenic
microorganisms and will provide an economic opportunity for
the food service industry to transform the shelf-stable food
product into a value-added product. The study evaluated the
stability of the emulsification agent as an effective thickening
agent like the most effective formulation for this product. The
findings of this study showed that all different flavored sauce was
thermally shelf-stable, safe, and of high quality. The next step in this

TABLE 4 Microbiological analysis of 5 sauce products over 12-month of shelf storage for non-specific total counts and foodborne pathogens.

Aerobic
Plate
Count

Yeast
and
Mold

Lactic Acid
Bacteria

Coliforms Staphylococcus
aureusa

Generic
Escherichia
colia

Listeria
monocytogenesb

Salmonellab

Hot <10 <10 <10 <10 nd nd nd nd

Mild <10 <10 <10 <10 nd nd nd nd

Sweet
Chili

<10 <10 <10 <10 nd nd nd nd

Teriyaki <10 <10 <10 <10 nd nd nd nd

Lemon
Pepper

<10 <10 <10 <10 nd nd nd nd

Counts expressed as a: CFU/g or b: CFU/25g of sample.
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research would be to quantify water-binding further and apply the
processing methods and analysis of this work to other value-added
ingredients so that the food service industry can transform shelf-
stable products into valuable commodities. The combination of
microbiological results and sensory evaluations indicated that all
five sauces remained consumable throughout the storage period.
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