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%e changing consumer attitude toward meat products warrants innovation. Recent years have seen a continuous rise in the
consumer demand for ready-to-eat meat products that trigger innovations in the manufacture of restructured meat products.%is
study was designed to develop meatloaf with the intention of using the downgraded stream of trimmed meat and meat by-
products, which are known to contain a higher quantity of connecting tissue that causes tenderness issues, moisture retention,
mouthfeel, and perceived food quality. %e physicochemical effects of sodium bicarbonate, potassium bicarbonate, and salt alone
or in combination on physicochemical and sensory characteristics of cooked ground beef were investigated. %e results obtained
showed that cooked ground beef without salt had the lowest cooked yield. Instrumental textural and sensory analysis revealed that
bicarbonate-treated meatloaf samples exhibited significantly better sensory and textural properties than the control (p ≤ 0.05).
Internal cooked color data revealed that meatloaf treated with sodium bicarbonate and potassium bicarbonate had a pinkish-red
appearance with a significantly higher a∗ value (p ≤ 0.05). %e findings provide evidence that inclusion of bicarbonates had a
significant tenderizing and juiciness effects with improved sensory attributes of the meatloaf.%e evidence presented clearly shows
the potential of bicarbonate and salt will exert synergistic effects and improve eating quality and textural and sensorial attributes of
meatloaf and other meat products.

1. Introduction

In recent years, increased consumer demand for beef
products has prompted the meat industry to develop
strategies to effectively use low-value meat cuts for product
innovation and additional revenue. Innovations in ingre-
dient technology and new processing methods for utilizing
low-value meat cuts offer many advantages for both con-
sumers and the meat industry. Beef trimmings originating
from many different cuts from the animal carcass are
generally classified as lower-grade meat cut due to food
safety and visible quality defects [1]. %e beef industry is
continually striving to innovate and deliver high-quality beef
products that meet consumer expectations for consistent
eating quality [2].

Value-addition to mitigate differences in the eating
quality of ground meat originating from low-value meat cuts
is extremely important for improving palatability traits of
beef products [3]. %e beef trim originating from lower-
quality muscles destined for ground beef must provide an
acceptable and consistent eating quality and consumer ac-
ceptability. Mitigating the eating quality and sensory dif-
ferences of ground beef originating from different muscle
cuts is critical for the overall consumer acceptability of
ground beef products. Recent food ingredient technology
trends have shown functional properties of alternative
nonmeat ingredients to optimize and improve functionality
and sensorial characteristics of processed meat products.

Bicarbonate compounds are widely used as a food in-
gredient to improve the quality of food and palatability of
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meat products eating quality and palatability. %e re-
searchers have reported that the use of sodium bicarbonate
during the curing process and formulating chicken meat
batters have significantly decreased (p< 0.05) the cooking
loss and yield, shear force, protein, solubility, and surface
texture [4, 5]. Alkaline salts of bicarbonates have been re-
ported to improve palatability attributes and minimize the
problem of pale, soft, and exudative meat products in
chicken meat [6, 7]. Furthermore, the researchers have
demonstrated that salts of bicarbonate can reduce shear
force and improve the cook yield of marinated chicken meat
[8, 9]. %e efficacy of bicarbonate salts is attributed to their
ability to solubilize myofibrillar proteins and enhance their
electrostatic repulsion [10]. Bertram et al. [11] found that
sodium bicarbonate effectively increased myofibrillar hy-
dration and reduced cook loss in marinated pork.

Recent studies have shown that nonmeat ingredients
such as bicarbonates, sodium salts, potassium salts, and acid
whey have been demonstrated for improving the textural
and acceptable eating quality of comminuted meat products
[2, 12, 13]. Some studies have shown that nonmeat ingre-
dients are used in meats for reducing the cost and cook loss
and improving water-holding capacity and textural and
sensory quality including moisture retention, shear stability,
and textural properties [14–20].

Bicarbonate salts improve the textural quality of meat
products by improving product juiciness, overall palat-
ability, reduced drip loss, and shear force [6, 8, 21–23].
Sodium bicarbonate and potassium bicarbonate are GRAS
(generally recognized as safe) food ingredients used as a
leavening agent, to control pH, as an antimicrobial, and to
improve taste, texture, and tenderness characteristics
[12, 24, 25]. Previous studies have reported that marinating
chilled beef with bicarbonate and salt solution increased
meat juiciness and water-holding capacity and reduced cook
loss [26, 27]. However, the utilization of bicarbonates as a
source of nonmeat ingredient on textural and sensory
perception of meatloaf products has not been previously
reported.

Given the rise in increased consumer demand for clean
labeling, bicarbonate offers an excellent opportunity as an
alternative functional ingredient for phosphate replace-
ment and merits investigation [28]. Value-addition to re-
duce cost and improve acceptable eating of lower-quality
beef trim could be utilized in ground beef to prepare
meatloaf. %is study was designed to evaluate meatloaf
using beef trim destined for ground beef with bicarbonate,
starch, and salt. We hypothesize that the application of
sodium bicarbonate and potassium bicarbonate with salt
would improve eating quality and sensory properties in
cooked ground beef products. %erefore, the objective of
this investigation was to investigate the interior color,
expressible moisture, cooked loss, instrumental textural
properties, and sensory properties of cooked ground beef
with sodium bicarbonate, potassium bicarbonate, modified
food starch, and potato starch. Additionally, correlation
between the instrumental texture and sensory attributes
was also studied.

2. Materials and Methods

2.1. Raw Materials and Chemicals. Fresh raw ground beef
(lean/fat blend: 80/20; experimental unit) was obtained from a
local beef purveyor (FPL Foods, Augusta, GA). Food-grade
salt, sodium bicarbonate, and potassium bicarbonate were
purchased from Fisher Scientific (Fisher Scientific, Fairlawn,
NJ). Potato starch was obtained from National Starch (No-
vation 6600; National Starch, Bridgewater, NJ), and modified
food starch was obtained from Grain Processing Corporation
(PURE-GEL, B990; Grain Processing, Muscatine, IA).

2.2. Ground Beef Preparation, Processing, and Cooking.
%e ground beef was mixed with the treatment ingredients in
a cold room at 4± 1°C. All treatment samples were mixed
according to the formulation presented in Table 1. %e levels
of salt were determined based on preliminary experiments
and literature. Ingredients were mixed with ground beef in a
Hobart mixer (Model C-100 T; %e Hobart Mfg. Co., Troy,
OH). %e modified food starch and the potato starch were
mixed separately. %e control treatment served as the
ground beef portion without any added ingredients. %e
treated ground beef samples were packaged in disposable
aluminum pans (5.3″W× 7.8″D× 1.8″H; Countdown-To-
Cook, Model CO524717) for cooking. All preparation, in-
cluding mixing ingredients, patty making, and packaging,
and further storage, was performed at 4± 1°C.

%e treated ground beef samples were cooked to an
internal temperature of 71°C. %e cooking temperature was
monitored and measured using a hollow meat spear and
type-T wired thermocouples (Omega, Stamford, CT) in the
geometric center of the ground beef pan. Each thermocouple
was connected to a digital handheld thermometer (Model
HH21A; Omega, Stamford, CT) (Model RDXL4SD; Omega,
Stamford, CT). After ground beef samples were cooked, each
tray was removed from the oven and placed at room
temperature to cool and rest for 30minutes.%e ground beef
samples were evaluated for the instrumental textur-
e—Warner–Bratzler shear force (WBSF), texture profile
analysis, and expressible moisture, cook yield, and internal
cooked color. For the sensory test, ground beef samples were
allowed 30min to rest and cool and then cut into cubes
(2 cm× 2 cm) for sensory evaluation.

2.3. ProximateComposition andpH. Proximate composition
analysis was performed following the AOACmethods 930.15
for moisture, 942.05 for ash, and 990.03 for crude protein
[29]. A 15 g sample of the ground beef was removed and
analyzed for moisture using the CEM SMART (AOAC
method 930.15). %e crude fat was determined by using
ANKOMXT15 Extractor (PVM 1:2003 and AOCS procedure
Am 5-04; AnkomTechnology, 2015) for fat.%e total protein
was analyzed by the Kjeldahl method (AOACmethods 4500-
Norg C and 4500-NH3 C), and the ash content was deter-
mined using a muffle furnace at 600°C (AOAC method
942.05). All experiments were replicated for a minimum of
three times at different occasions.
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%e pH of the raw and cooked ground beef samples was
measured using a pierce probe pH meter (Model H260G; IQ
Scientific, HACH, Loveland, CO); measurements were taken
before and after treatment [30]. %e pH measurements on
each treatment sample were replicated for a minimum of
three times at different occasions.

2.4. Expressible Moisture and Cook Yield. Expressible
moisture of the cooked samples was measured by the filter
paper press method as described in [31] with minor mod-
ification. About five grams of accurately weighed cooked
ground beef samples was placed on a preweighed Whatman
#1 (9 cm diameter) and pressed between Plexiglas plates and
compressed for 1 minute. %e filter paper was later weighed
to measure the increase in weight due to absorbed moisture.
Expressible moisture was expressed as a percentage of the
original weight of the meat sample. %e cook yield was
measured as the difference of weight in samples before and
after cooking divided by the weight of the sample before
cooking, expressed as a percentage.%e tests were performed
on four replicates and averaged for statistical analysis. %e
expressible moisture was calculated as a percentage using the
following equation:

%Expressiblemoisture �
Wfinal − Winitial

sample weight
  × 100, (1)

where Wfinal �weight of the filter paper after compression
and Winitial � initial weight of the filter paper.

%e cook yield was measured as the difference of weight
in samples before and after cooking divided by the weight of
the sample before cooking, expressed as a percentage. %e
tests were performed in four different replicates performed
on four independent occasions.

2.5. Internal Cooked Color Measurements. Instrumental
internal cooked color parameters (CIE L∗, a∗, b∗, Hue, and
Chroma) were measured using the HunterLab EZ Scan

portable spectrophotometer (Illuminant A, 45/0 LAV,
2.54 cm diameter aperture, 10 observer; Hunter Associates
Laboratory, Inc., Reston, VA) [32, 33]. %e spectropho-
tometer was standardized using black and white tiles pro-
vided by the manufacturer, and the color measurement was
replicated four times and averaged for statistical analysis.
%e hue angle was calculated using the following equation:
hue angle (HA)� [arctangent (b∗/a∗)]. %e chroma (satu-
ration index) was calculated using the following equation:
chroma or saturation index�√(a∗ + b∗2) [34].

2.6. Instrumental Texture Profile Analysis. %e treated and
untreated ground beef samples were cooked and evaluated
for Warner–Bratzler shear force (WBSF) and texture profile
analysis (TPA). %e procedure mentioned in the Guidelines
for Cookery and Sensory Evaluation of Meat was used to
measureWBSF [35–37].%e shear force was measured using
a TA-XT2i texture analyzer (Texture Tech. Corp., Scarsdale,
NY) with a 500N load cell and TA-7 WB blade. %e cut
samples were placed on a slotted plate installed on a TA 90
platform. %e plate position was adjusted so as to allow the
blade to pass through the center of the cut sausage pieces.
%e cross-head speed was set to 3mm/s, and the test was
triggered by a force of 0.05N. %e pre- and post-test speed
was 5mm/s.

TPA was performed by the procedure of Mocanu et al.
[38] and O’Sullivan and Kerry [39]. %e settings of the
texture analyzer were 5mm/s pre- and post-test speeds, 50%
deformation, trigger type auto, and 10 g force for the trigger.
%e cross-head speed was 2mm/s. %e parameters recorded
were hardness, cohesiveness, springiness, and chewiness.
Briefly, the test samples were placed on a plate that was
installed on a heavy-duty platform.%e conditions of the test
for each sample included two cycles, a 50% strain, and a
cross-head speed of 250mm/min. %e TPA hardness was
calculated as the maximum force during the first com-
pression cycle. Cohesiveness for TPA was the ratio of the
area under the second curve to the area under the first curve

Table 1: Mixture formulations for ground beef treated with different levels of sodium bicarbonate, potassium bicarbonate, salt, modified
food starch, and potato starch.

Treatment
Treatment composition of the ingredient formulation in the finished product, %

NaCl NaHCO3 KHCO3 MFS PS
None (control) — — — — —
NaCl 0.5 — — — —
NaHCO3 — 0.5 — — —
NaHCO3 — 1.0 — — —
KHCO3 — — 0.5 — —
KHCO3 — — 1.0 — —
NaHCO3 +NaCl 0.5 0.5 — — —
NaHCO3 +NaCl 0.5 1.0 — — —
KHCO3+NaCl 0.5 — 0.5 — —
KHCO3+NaCl 0.5 — 1.0 — —
NaCl +MFS 0.5 — — 0.5 2.0
NaCl + PS 0.5 — — — 2.0
MFS�modified food starch; PS� potato starch; NaHCO3 � sodium bicarbonate; KHCO3 � potassium bicarbonate; NaCl� salt. All ingredients were dissolved
in distilled water for better homogeneity and dispersibility. bNo ingredients (salt, sodium bicarbonate, potassium bicarbonate, modified food starch, or potato
starch) were added except distilled water.
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and related to the strength of the samples of internal bonds.
Springiness for TPA is the ratio of the distance traveled by
the probe on the second cycle (from the sample contact point
with a set compression percentage) to the distance the probe
traveled on the first downstroke. Springiness is related to
recovery from the first downstroke deformation. To calculate
chewiness for TPA, three parameters are needed: hardness,
cohesiveness, and springiness. Both theWBSF and TPA tests
were performed on four different replicates performed on
four independent occasions.

2.7. Sensory Evaluation. A panel (n� 10) of assessors (stu-
dents and semiprofessional; age 22–65) was trained during
multiple one-hour sessions to become acquainted with the
three attributes juiciness, chewiness, and tenderness/hard-
ness. %ese attributes were based on the Guidelines of the
American Meat Science Association [36, 37], and the
standards were developed by Meilgaard et al. [40]. %e
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. Sensory descriptive definitions
and reference samples used for ground beef sensory eval-
uation on a 15-point interval hedonic scale are presented in
Table 2. During training and orientation, five food examples
were used. %ey were crispy chicken tenderloins, chicken
breast strips grilled with fajitas, original meatballs, classic
mini meatloaf, and mini meatloaf. During the four training/
orientation sessions, each panelist was presented with the
samples along with the reference standards and rated the
products’ three attributes on a 15-point scale.

A sensory evaluation was performed in triplicate in
individual booths. During all evaluations, the references for
each attribute were provided (Table 2). Each panelist was
then asked to rate the ground beef sample on a 15-point
hedonic scale. Water and unsalted crackers were provided as
palate cleansers. %e order of presentation consisted of four
randomized samples coded with 3-digit random numbers,
with each panelist undertaking three sittings during each
session with a break of 10min between each sitting. Blind
evaluations were carried out on three consecutive days of
testing.

2.8. Statistical Analysis. Statistical analysis was performed
using SAS version 9 (SAS Institute, Inc., Cary, NC) using the
GLM option. %e experimental (n� 3 replications) design
was a randomized complete block with repeated measure-
ments. All three replications were conducted on three in-
dependent occasions. For the parameters pH, proximate
composition, instrumental texture, expressible moisture,
and cook yield, a completely random design was used and
analyzed using one-way ANOVA. For the parameters in-
strumental cooked color and sensory analysis, wherein bi-
carbonate and starch concentrations were varied, a
completely balanced factorial design was employed with the
bicarbonate and starch concentrations as the main effects
and analyzed using 2-way ANOVA. Satterthwaite adjust-
ments were used for the degree of freedom. Pairwise

comparisons of least-squares means were used to determine
the significant differences when the respective F-tests were
significant at p< 0.05.

To understand the relationships between instrumental
texture data (active variables) and sensory attributes (sup-
plementary variables), a scatter plot matrix and principal
component analysis (PCA) in the correlation matrix were
carried out using SAS version 9 (SAS Institute, Inc., Cary,
NC) using the GLM option and XLSTAT (ver 2021.1.1;
Addinsoft, New York, NY).

3. Results

3.1. ExpressibleMoisture and Cook Yield. %e data in Table 3
show the results obtained for the expressible moisture and
cook yield of the untreated and treated meatloaf samples.
Meatloaf treated with salt, sodium bicarbonate, and potas-
sium bicarbonate resulted in a significantly higher ex-
pressible moisture and cook yield (p< 0.05) compared with
control. A similar trend was observed with meatloaf pre-
pared with a combination of salt and starch (modified food
starch and potato starch). Preparation of meatloaf with a
combination of salt and sodium and potassium bicarbonate
at concentrations of 0.5–1% resulted in a substantial increase
in expressible moisture and cook yield compared with salt,
sodium bicarbonate, and potassium bicarbonate alone. In
general, a higher concentration of sodium and potassium
bicarbonate with salt consistently resulted in a significantly
higher expressible moisture (p< 0.05) and cook yield.

3.2. Texture Profile Analysis. Textural profile analysis was
performed to obtain textural parameters such as hardness,
cohesiveness, springiness, chewiness, and WBSF using an
objective instrumental measurement method. %e TPA was
performed using a double compression process very similar
to simulatedmastication of the treatedmeatloaf samples. For
the TPA, textural attributes such as hardness (the maximum
force required to compress the meatloaf in the first com-
pression cycle), cohesiveness (the extent to which meatloaf
can be deformed prior to fracture), springiness (the ability of
the meatloaf to recover its original form after the defor-
mation force is removed), and chewiness (the work needed
to chew the meatloaf to a steady state of swallowing) were
evaluated, and the results are presented in Table 4. %e
results obtained indicate that the textural attributes of the
cooked meatloaf with salt, sodium bicarbonate, and po-
tassium bicarbonate alone or in combination are presented
in Table 4.

%e combination of salt and potassium bicarbonate at
1% level showed a significant influence (p≤ 0.05) on the
hardness, cohesiveness, springiness, chewiness, and WBSF.
It is apparent from the presented data (Table 4) that a
treatment combination of salt and potassium bicarbonate at
1% level significantly decreased (p≤ 0.05) the hardness
among all treatments evaluated. A similar trend of decreased
hardness (p≤ 0.05) was observed with meatloaf prepared
with a combination of salt and starches (modified food
starch and potato starch) compared with control. However,
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the meatloaf with salt and starch combination exhibited a
hardness attribute comparable to the bicarbonates at 0.5%
level. In general, a higher concentration of sodium bicar-
bonate and potassium bicarbonate with salt consistently
resulted in significantly lower hardness values (p≤ 0.05).

Textural springiness results trended similar to the
hardness (Table 4). A combination of salt and potassium
bicarbonate treatment at a 1% level significantly decreased
(p≤ 0.05) the springiness attribute among all other treat-
ments evaluated. Interestingly, the springiness attribute of
meatloaf samples treated with salt and starch (modified food
starch and potato starch) was not significantly different
(p≤ 0.05) compared with the control and salt treatment.%e
data trend showed that bicarbonate salts (sodium or po-
tassium) at a 1% concentration level with salt were highly

effective in reducing (p≤ 0.05) the springiness attribute of
the meatloaf among all other treatments. In general, a higher
concentration of sodium and potassium bicarbonate with
salt consistently resulted in a significantly lower springiness
(p≤ 0.05).

Among all treatments, meatloaf samples treated with salt
were chewiest (p≤ 0.05) compared with the control (Ta-
ble 4). Among all the treatments, 1% bicarbonates (sodium
or potassium) with salt were less chewy (p≤ 0.05). %e lower
percentage (0.5%) of bicarbonates (sodium or potassium)
with salt was less (p≤ 0.05) effective in reducing chewiness
compared with 1% bicarbonates (sodium or potassium) with
salt. Meatloaf prepared with a combination of 2% potato
starch and salt showed lower properties (p≤ 0.05) compared
with salt and control samples.

Table 3: Least-squares means for the proximate composition of cooked meatloaf treated with different levels of sodium bicarbonate,
potassium bicarbonate, salt, modified food starch, and potato.

Treatment
Proximate composition, %

Treatment composition, % Expressible moisture Cook yield
None (control) 0 5.4a 16.1a

NaCl 0.5 5.8a 18.2b

NaHCO3 0.5 8.7b 20.4c

NaHCO3 1.0 10.8c 22.8d

KHCO3 0.5 8.9b 20.8c

KHCO3 1.0 11.1c 23.9d

NaHCO3 +NaCl 0.5 + 0.5 14.1d 20.8c

NaHCO3 +NaCl 1.0 + 0.5 16.8e 24.5d

KHCO3+NaCl 0.5 + 0.5 14.4d 21.2a

KHCO3+NaCl 1.0 + 0.5 19.2f 26.1f

NaCl +MFS 2.0 + 0.5 10.6c 19.9c

NaCl + PS 2.0 + 0.5 10.2c 20.2c

MFS�modified food starch; PS� potato starch; NaHCO3 � sodium bicarbonate; KHCO3 � potassium bicarbonate; NaCl� salt. Means not sharing a common
letter (a–c) in a column are significantly different (p≤ 0.05). ±SE� 0.15 for expressible moisture and 0.26 for cook yield.

Table 2: Compilation of sensory descriptive definitions and reference created and used for this particular sensory study for the ground beef
sensory evaluation.

Sensory
descriptor Definition/instruction Reference sample Preparation of samples Intensity

ratinga

Juiciness
Amount of juice/moisture perceived in mouth or the
amount of moisture leaving the product and into the

mouth after 7–10 chews between molars

Banana 0.5 inch slice 1
Cucumber 0.5 inch slice without skin 8

Red delicious apple 0.5 inch wedge without
skin 10

Florida or Valencia
orange 0.5 inch wedge 15

Tenderness/
hardness

Force to attain a given deformation such as force to
compress between molars, first bite, or force required to
bite through molars (very soft to very hard); 5 chews

between molars

Cream cheese
One spoonful of Kraft

Philadelphia Light or 1/3
fat

1

Pasteurized yellow
American cheese 0.5 inch cubed cheese 4

Hebrew National
frankfurter 0.5 inch slice cooked 7

Carrots 0.5 inch slice, peeled, and
raw 11

Chewiness Measurement of chewiness utilizing molars on 2nd to 3rd
chew

Jewish rye bread 0.5 square inch slice 2
Orange slicesb 1 piece 6
Tootsie roll 1 piece 13

aIntensity rating of samples are based on a 0–15 hedonic scale. bReference sample created for this particular sensory study. Meilgaard and others 2007; USDA;
AMSA, 1995.
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From Table 4, it is evident that meatloaf treated with
0.5% salt had the highest WBSF compared with the control.
Meatloaf samples treated with starch (modified food starch
and potato starch) showed significantly higher (p≤ 0.05)
WBSF than those treated with 1% bicarbonates (sodium or
potassium) and salt. %e preparation of meatloaf with bi-
carbonates (sodium or potassium) without added salt
resulted in a significantly higher WBSF (p≤ 0.05) compared
with those treated bicarbonates (sodium or potassium) and
salt.

3.3. Sensory Analysis. %e panelists evaluated chewiness,
tenderness/hardness, and juiciness on a 9-point interval
scale. %e scores for each sensory attribute are presented in
Table 5. Sensory evaluation scores showed that prepared
meatloaf with 0.5% salt was the hardest and chewiest but
exhibited a significantly higher (p≤ 0.05) juiciness score
than the control. %e meatloaf samples prepared with 0.5%
and 1% bicarbonates without added salt exhibited relatively
softness and juiciness attributes. For hardness, most of the
samples showed a relatively similar hardness attribute except
for control and the meatloaf treated with only salt (p≤ 0.05).
%is showed that bicarbonates, salt, modified food starch, or
potato starch did improve the juiciness without a significant
impact on hardness or chewiness. %e scores also show that
bicarbonates at 0.5% tend to be harder or less tender than
those at 1.0%. %e increase in sodium bicarbonate or po-
tassium bicarbonate showed a trend of increasing tenderness
among other treatments and the control. %e type of bi-
carbonate forms with added salt used for meatloaf prepa-
ration did not significantly influence (p≤ 0.05) the sensory
hardness, chewiness, and juiciness compared with control
and only salt-treated meatloaf.

3.4. Instrumental Color Characteristics of Meatloaf. %e
cooked color measurement of meatloaf samples prepared
with different treatments was used as an indicator of the

degree of doneness. %e results obtained from the instru-
mental color measurements are presented in Table 6. %e L∗
values of the cooked meatloaf (Table 6) prepared with so-
dium bicarbonate or potassium bicarbonate at concentra-
tions (0.5 or 1%) with salt (0.5%) did not show significant
difference (p≤ 0.05), which showed that L∗ values did not
(p≥ 0.05) change significantly across all treatment types
compared with control (Table 6). Prepared meatloaf with 2%
modified food starch or 2% potato starch showed signifi-
cantly higher L∗ values, whereas L∗ values for the control or
samples treated with 0.5% salt were significantly lower
(p≤ 0.05)∗. Meatloaf samples treated with 0.5 or 1% sodium
bicarbonate or potassium bicarbonate exhibited similar L∗-
values compared with other treatments (Table 6).

%e a∗ values for the prepared meatloaf with bicar-
bonates (sodium or potassium bicarbonate), modified food
starch, and potato starch, with or without 0.5% salt, are
presented in Table 6. In general, meatloaf-treated bicar-
bonates (sodium bicarbonate or potassium bicarbonate) and
a combination of bicarbonates (sodium or potassium bi-
carbonate) with added salt were found to have significantly
higher values of a∗ (p≤ 0.05) compared with control and
treatment with salt and starches. %e prepared meatloaf
samples with 0.5 or 1% potassium bicarbonate without 0.5%
salt maintained significantly higher a∗ values (p≤ 0.05)
compared with 0.5 or 1% sodium bicarbonate. Furthermore,
meatloaf prepared with modified food/potato starch also
resulted in a lower (p≤ 0.05) a∗ value than the bicarbonate-
treated samples. Among the bicarbonate-treated samples,
meatloaf prepared with 1% bicarbonates with added salt
exhibited a significantly higher (p≤ 0.05) a∗ value than
meatloaf samples treated with starch and the control. A
similar trend was observed for the instrumental chroma
values (Table 6).

Results presented in Table 6 show that b∗ values were
tended to be significantly higher for most treatments
compared with the control sample (p≤ 0.05). Treating
meatloaf with sodium or potassium bicarbonate at a

Table 4: Least-squares means for texture profile analysis (TPA) chewiness, hardness, and cohesiveness values of cooked ground beef treated
with differing levels of sodium bicarbonate, potassium bicarbonate, salt, modified food starch, and potato starch.

Treatment Ingredient, %
Texture profile analysis

Hardness, (N)y Cohesivenessz Springiness Chewiness, (mJ)x WBSF∗, N
None (control) 0 42.1d 0.4b 0.93f 123.4d 9.8cd

NaCl 0.5 48.3e 0.5c 0.90f 144.2e 15.8e

NaHCO3 0.5 39.7d 0.5c 0.81e 135.1de 7.9abc

NaHCO3 1.0 35.4c 0.5c 0.78e 127.3d 10.9d

KHCO3 0.5 40.2d 0.5c 0.61b 131.7de 11.3d

KHCO3 1.0 33.5c 0.5c 0.68c 98.2c 9.3cd

NaHCO3 +NaCl 0.5 + 0.5 27.1b 0.5c 0.71c 73.7b 7.6abc

NaHCO3 +NaCl 1.0 + 0.5 21.5a 0.5c 0.67c 50.1a 6.5a

KHCO3+NaCl 0.5 + 0.5 26.2b 0.5c 0.58b 76.2b 11.1d

KHCO3+NaCl 1.0 + 0.5 22.7a 0.5c 0.51d 52.8a 5.9a

NaCl +MFS 2.0 + 0.5 29.8b 0.3a 0.90f 76.6b 11.3d

NaCl + PS 2.0 + 0.5 28.7b 0.4b 0.94f 97.1c 8.8bc

MFS�modified food starch; PS� potato starch; NaHCO3 � sodium bicarbonate; KHCO3 � potassium bicarbonate; NaCl� salt. ∗WBSF�Warner–Bratzler
shear force. z �TPA cohesiveness units are dimensionless and are the ratio of the area under the second curve to the area under the first curve of the TPA
graph cycle. x �TPA chewiness units of millijoules. y �TPA hardness units of Newton; means not sharing a common letter (a–f) for a given texture parameter
are different (p≤ 0.05). ±SE� 6.90 for chewiness; 1.22 for hardness; and 0.007 for cohesiveness.
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concentration of 0.5 or 1% with 0.5% salt did not signifi-
cantly change b∗-values significantly compared with other
treatments. Table 6 shows the hue angle values were sig-
nificantly higher (p≤ 0.05) for the meatloaf samples pre-
pared with 2% of modified food/potato starch compared
with other treatments. A similar trend was observed for the
control sample. Treating meatloaf with sodium or potassium
bicarbonate (at 0.5 or 1%) and 0.5% salt resulted in lower hue
angle values compared with control.

Table 6 shows the chroma (saturation index) values of
the prepared meatloaf with different treatments, including
bicarbonates and starches. %e control sample had signifi-
cantly lower (p≤ 0.05) chroma values compared with all
treatments. %e meatloaf sample processed with sodium or
potassium bicarbonate, alone or in combination with 0.5%
salt, retained more chroma saturation than the control or
samples treated only with 0.5% salt. Both modified food
starch and potato starch exhibited lower chroma values

compared with meatloaf samples processed with sodium
potassium bicarbonate, alone or in combination with 0.5%
salt.

3.5. Correlation between Texture Profile Parameters and
Sensory Characteristics. To investigate the relationship be-
tween the sensory hardness and instrumental TPA mea-
surement, scatter plot correlation matrix was performed.
%e scatter plot correlation matrix for hardness (Figure 1)
showed control had the strongest positive correlation
(r� 0.98). Overall, there was a good fitness of data as the data
are within the 95% confidence limits. %e correlation be-
tween ground beef treated with potassium bicarbonate and/
or salt was higher than when mixed with only potassium
bicarbonate. %e meatloaf samples prepared with sodium
bicarbonate (at 0.5 or 1%) and 0.5% salt showed a similar
correlation with r� 0.87. On the contrary, the meatloaf

Table 6: Least-squares mean for surface colorimeter readings of L∗ (lightness), a∗(redness), b∗ (yellowness), hue angle, and saturation index
(chroma) of meatloaf treated with different levels of sodium bicarbonate, potassium bicarbonate, salt, modified food starch, and potato
starch.

Treatment name Treatment, %
Internal cooked color (L∗a∗b∗) of meatloaf

L∗ a∗ b∗ Hue angle Chroma
None (control) 0 54.2d 11.0a 16.4a 56.1c 19.8a

NaCl 0.5 50.5b 27.3e 21.9e 38.7ab 35.1h

NaHCO3 0.5 52.9cd 20.6bc 20.6bcde 45.3b 29.1de

NaHCO3 1.0 49.5ab 22.4bcd 19.8bcd 41.9ab 29.9def

KHCO3 0.5 48.3a 26.1de 20.3bcde 38.1ab 33.1fgh

KHCO3 1.0 50.1ab 24.8cde 18.5b 36.8a 30.9defg

NaHCO3 +NaCl 0.5 + 0.5 50.5ab 25.3de 20.0bcde 38.4ab 32.3efgh

NaHCO3 +NaCl 1.0 + 0.5 51.3bc 23.1bcde 18.5b 38.7ab 29.6de

KHCO3+NaCl 0.5 + 0.5 50.7b 25.6de 21.3de 39.5ab 33.3gh

KHCO3+NaCl 1.0 + 0.5 50.7b 19.7b 18.8bc 45.2b 27.7cd

NaCl +MFS 2.0 + 0.5 56.4e 14.8a 20.8cde 54.7c 25.5bc

NaCl + PS 2.0 + 0.5 54.9de 13.3a 19.2bc 55.4c 23.3b

MFS�modified food starch; PS� potato starch; NaHCO3 � sodium bicarbonate; KHCO3 � potassium bicarbonate; NaCl� salt. Means with different su-
perscripts (a–f ) within a column are significantly different (p≤ 0.05). ±SE� 0.7854 for L∗; 1.6323 for a∗; 0.7255 for b∗; 2.5877 for hue angle; and 1.3249 for
chroma. %e sensory and other physical properties data used to support the findings of this study are included within the article.

Table 5: Least-squares means for sensory descriptive hedonic scores of cooked ground beef treated with different levels of sodium bi-
carbonate, potassium bicarbonate, salt, modified food starch, and potato starch.

Treatment Treatments, %
Sensory characteristics∗

Hardness Chewiness Juiciness
None (control) 0 6.5b 3.7de 3.0a

NaCl 0.5 7.8d 4.8g 3.3ab

NaHCO3 0.5 6.2ab 3.5de 4.3bc

NaHCO3 1.0 5.6a 2.9f 5.6de

KHCO3 0.5 6.1ab 3.3ef 4.1bc

KHCO3 1.0 5.8ab 3.0d 4.7cd

NaHCO3 +NaCl 0.5 + 0.5 6.0ab 3.3a 5.7de

NaHCO3 +NaCl 1.0 + 0.5 5.8ab 3.7bc 6.3ef

KHCO3+NaCl 0.5 + 0.5 6.4bc 3.9bc 5.0cd

KHCO3+NaCl 1.0 + 0.5 6.1ab 3.2ab 6.4f

NaCl +MFS 2.0 + 0.5 6.2ab 3.4ab 5.4de

NaCl + PS 2.0 + 0.5 6.1ab 4.2c 5.0cd

MFS�modified food starch; PS� potato starch; NaHCO3 � sodium bicarbonate; KHCO3 � potassium bicarbonate; NaCl� salt. Means with different su-
perscripts (a–f) within a column are significantly different (p≤ 0.05). ∗Data based on hedonic scale scores of 0 to 15. ±SE� 0.2818 for hardness; 0.3510 for
chewiness; and 0.3884 for juiciness.
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treated with modified food starch (r� −0.95) and potato
starch (r� −0.70) had a strong negative correlation. %e
symbols used for the correlation matrix are presented in
Table 1.

Figure 2 displays the scatter plot correlation matrix for
the attribute chewiness. It examines the relationship between
the sensory profile and TPA instrumental analysis. %e
scatter plot correlation matrix also displays the fit of the data
within a 95% confidence limit. When adding potassium
bicarbonate, a strong correlation can be seen in samples with
potassium bicarbonate (0.5%; r� 0.82), potassium bicar-
bonate (1%; r� 0.70), potassium bicarbonate + salt (r� 0.94),
and sodium bicarbonate (at 0.5; r� −0.73). After salt was
added to the bicarbonates, a stronger correlation was ob-
served in instrumental and sensory chewiness. %e meatloaf
samples with sodium bicarbonate had a lesser correlation
than potassium bicarbonate. Similar to potassium bicar-
bonate, the addition of salt with sodium bicarbonate to
ground beef also had a stronger correlation than with so-
dium bicarbonate alone. %is was evident, as the chewiness
r-values for 0.5% sodium bicarbonate and 1% sodium

bicarbonate were −0.67 and −0.59, respectively. With so-
dium bicarbonate, the increase in concentration yielded a
higher chewiness correlation. Without any treatments, the
control was most strongly correlated (r� −0.99). %e
meatloaf treated with modified food starch with salt
(r� −0.85) and potato starch with salt (r� −0.79) were also
strongly correlated.

3.6. Principal Component Analysis on the Instrumental Tex-
ture Data. Principal component analysis on the instru-
mental texture data, using the sensory data as a
supplementary variable, showed that the instrumental
hardness and chewiness were positively related to the sen-
sory hardness and chewiness (Figure 3). Juiciness, a sensory
attribute, was opposite to both instrumental and sensory
hardness and chewiness, suggesting that samples that were
juicy were more tender and less chewy. Hardness (instru-
mental and sensory) was also highly related to WBSF, in-
dicating that the latter is another measure of tenderness in
meats (Figure 3). Cohesiveness (instrumental) did not
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Figure 1: Scatter plot correlation matrix comparing the hardness sensory descriptive analysis and instrumental texture profile analysis of
ground beef treated with different levels of sodium bicarbonate, potassium bicarbonate, salt, modified food starch, and potato starch.
Control: NT; salt (0.5%): S05; sodium bicarbonate (0.5%): SBC05; sodium bicarbonate (1.0%): SBC1; potassium bicarbonate (0.5%): PBS05;
potassium bicarbonate (1.0%): PBC1; sodium bicarbonate + salt (0.5%+ 0.5%): SSBC05; sodium bicarbonate + salt (1.0%+ 0.5%): SSBC1;
potassium bicarbonate + salt (0.5%+ 0.5%): SPBC05; potassium bicarbonate + salt (1.0%+ 0.5%): SPBC1; modified food starch + salt
(2.0%+ 0.5%): SMSF2; potato starch + salt (2.0%+ 0.5%): SPS2.
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contribute to differences in any of the treatments, or all the
samples had similar levels of cohesiveness, which was not
very high. %e two treatments containing the starches and
the control treatment (partially) were characterized by the
presence of springiness (Figure 3). Treatments containing
both bicarbonates were juicier than those of the rest of the
samples. %e treatment containing salt was very hard and
chewy.

4. Discussion

%is study explored the effects of sodium or potassium bi-
carbonate and salt on the physicochemical properties and
sensory and textural attributes of cooked meatloaf. Findings
suggest that the bicarbonates with or without salt influenced
the moisture content, including the perceived juiciness of the
preparedmeatloaves.%e palatability of meatloaf is a function
of many attributes: tenderness, texture, juiciness, and flavor
profile [41]. Bicarbonate and salt combination enhanced the
sensory and textural attributes of the meatloaf by improving
product juiciness, cook yield, and reduced shear force. %is
finding is similar to reports from other studies [8, 21–23, 42].
%ese authors reported that bicarbonate salts enhanced the

textural quality of beef by including palatability, perceived
juiciness, and reduced shear force.

Despite the similar color and textural attributes, the
meatloaf prepared with the bicarbonate and salt combina-
tion had a higher cook yield, greater perceived sensory
juiciness, and moisture retention compared with the
meatloaf prepared with the only salt or starch with the added
salt combination. Samples enhanced with phosphate. A
previous study by Mohan et al. [12] reported that the ad-
dition of the bicarbonates had a higher pH and water-
holding capacity in raw ground beef. As expected, sodium
bicarbonate or potassium bicarbonate are known to have a
higher buffering capacity in water than salt that may have led
to an increase in the cook yield and a higher moisture
percentage in cooked meatloaf. Ultimately, this resulted in
greater consumer juiciness without affecting flavor liking.
We believe that this likely contributed to higher tenderness
scores, as evidenced by the positive correlation between
consumer tenderness and juiciness.

Studies have demonstrated that sodium bicarbonate
acted as an excellent replacement ingredient for phosphate
in meat [2, 22]. Others have reported that sodium bicar-
bonate has the potentials to enhance the physicochemical
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Figure 2: Scatter plot correlation matrix comparing the chewiness sensory descriptive analysis and instrumental texture profile analysis of
ground beef treated with different levels of sodium bicarbonate, potassium bicarbonate, salt, modified food starch, and potato starch.
Control: NT; salt (0.5%): S05; sodium bicarbonate (0.5%): SBC05; sodium bicarbonate (1.0%): SBC1; potassium bicarbonate (0.5%): PBS05;
potassium bicarbonate (1.0%): PBC1; sodium bicarbonate + salt (0.5%+ 0.5%): SSBC05; sodium bicarbonate + salt (1.0%+ 0.5%): SSBC1;
+ salt (0.5%+ 0.5%): SPBC05; potassium bicarbonate + salt (1.0%+ 0.5%): SPBC1; modified food starch + salt (2.0%+ 0.5%): SMSF2; potato
starch + salt (2.0%+ 0.5%): SPS2.
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properties and eating quality attributes of meat. Hardcastle
et al. [43] demonstrated that beef enhanced with sodium
bicarbonate resulted in improved consumer palatability
scores, compared with sodium phosphate-treated samples.
%e meat industry demands innovation to add value to
inferior quality or downgraded meat trimmings that could
be utilized in developing new products such as meatloaf.
Similar studies by Hardcastle et al. [43] and Garmyn et al. [2]
demonstrated that beef muscles enhanced with sodium
bicarbonate were the most tender, were juicier, and had
improved overall liking. Given the increasing demand for
clean labeling by consumers, the application of bicarbonates
as an alternative functional ingredient to phosphate is the
basis of this investigation. Recent trends in the meat industry
have shown an increased interest in evaluating alternative
ingredients to enhance sensory properties and add value to
downgraded meat products. Lee et al. [6] and Alvarado and
Sams [7] reported that the application of bicarbonates in
chicken improved palatability characteristics and minimized
meat quality defects.

Sheard and Tali [22] have shown that pork containing
sodium bicarbonate had reduced shear force values. %e
bicarbonate-treated pork developed air-filled pockets during
the cooking process. %e researchers believed that the air-
filled pockets decreased the load-bearing meat muscle and
therefore decreased the shear force value. Other studies
suggested that salt had an impact on the hardness of ground

beef as it can extract the myofibrillar proteins [44–46].
Myofibrillary proteins are soluble in salt solutions, and their
extraction can create a sticky exudate. %is allows for the
meat to be more easily formed into desired meat products
such as hamburgers, meatballs, and meatloaves. %e shear
value of ground beef with only bicarbonates was slightly
higher than when combined with salt. %is was also seen
with pork loins done by Sheard and Tali [22]. Ruusunen et al.
[47] reported that salt increased the cohesiveness of the meat
batter. Cohesiveness did not follow the same pattern as
chewiness and hardness. %ere was not much difference
between the bicarbonate-treated and bicarbonate with salt-
treated ground beef. In cod sausages, cohesiveness increased
with increasing amounts of sodium bicarbonate from 0.15%
to 0.30% [48].

5. Conclusions

Meatloaf treated with salt only at 0.5% was the chewiest and
hardest compared with control and bicarbonate treatments.
Instrumental texture profile (TPA and WBSF) and sensory
analysis showed that bicarbonate-treated meatloaf samples
exhibited superior sensory and textural properties. Internal
cooked color data revealed that meatloaf treated with so-
dium bicarbonate and potassium bicarbonate had a higher
a∗ value and was pinkish red. Overall, the bicarbonates
decreased the hardness, shear value, and shear work
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compared with the control.%is shows that bicarbonates had
a significant tenderizing effect and increased juiciness within
the ground beef. %erefore, to create various types of food
products such as hamburgers, meatloaves, or meatballs, the
application of bicarbonates will improve tenderness, juici-
ness, and sensory qualities of the meatloaf. %e evidence
presents an opportunity for improving the acceptable quality
and improved texture and sensory attributes using bicar-
bonates as an alternative to phosphate in the meatloaf.

Data Availability

%e sensory and other physical properties data used to
support the findings of this study are included within the
article.
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