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1 | INTRODUCTION

| John M.Bland | Peter ). Bechtel

Abstract

In the U.S. market place, there are many examples of precooked poultry products de-
signed to be reheated in a microwave oven and, to a lesser extent, fish products such
as tilapia. However, few U.S. catfish products are designed to be microwave cooked or
reheated. The first objective of this study was to examine the properties of microwave
cooked raw frozen catfish fillets and oven precooked (to 62.8°C) frozen fillets and
then reheated by microwave cooking. The second objective was to evaluate changes
in properties as a consequence of treatment with a commercial polyphosphate blend
(Individually Quick Frozen [IQF]). The sample analysis included weight loss, proximate
content, color (CIE L*a*b*), pH, mechanical texture (hardness), and lipid peroxidation
(TBARS) measurements. Frozen fillets which contained polyphosphate showed <4%
moisture loss after microwave cooking, relative to a 12% moisture loss for fillets with-
out polyphosphate. A large cooking loss of ~40% was observed for precooked fillets
after microwave cooking, correlated with a higher percent moisture loss (11% and
13% for fillets with and without polyphosphate, respectively) to comparable samples
that were not precooked. For both types of fillets, an increased amount of yellow color
was observed for precooked fillets after microwave cooking, relative to comparable
fillets that were not precooked. Fillet hardness determined by peak force revealed an
overall harder texture (~1.1-1.8 times) for fillets without polyphosphate than fillets
with polyphosphate. This study will be used to develop precooked catfish products

that can be reheated in a microwave oven.
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to heat all parts of the food to 68°C (154°F) for 15 s (FDA, 1999b)
and stuffed fish or stuffing containing fish shall be cooked to heat all

Precooking is a processing technology that applies heat to food and its
products at relatively low heat flow for certain amount of time or until
a safe minimum internal temperature is observed. The FDA requires
fish and shell fish to reach a minimum of 62.8°C (145°F) for 15 s to be
considered precooked and ready to eat (FDA, 1999a). However, com-

minuted fish and foods containing comminuted fish shall be cooked

parts of the food to 74°C (165°F) for 15 s (FDA, 1999¢). It is one of
the critical steps in processing perishable foods for extended storage
time such as frozen meat or seafood products (Lee, Yang, & Kim, 2002).
From the safety standpoint, the mild thermal treatment preserves the
quality of the original foods while ceasing the enzymatic and bacte-
rial activities which are potentially harmful to human body, therefore
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providing enhanced safety and mitigating processor risk especially in
the event of unexpected thermal processing deviations executed by
consumers (Belongia et al., 1991; Patsias, Chouliara, Badeka, Savvaidis,
& Kontominas, 2006; Smith et al., 2008; Parra, Kim, Shapiro, Gravani,
& Bradley, 2014; Gupta, Gandotra, Koul, Gupta, & Parihar, 2015). As
precooked foods are generally safe and require minimal cooking prior
to consumption, there are numerous ways to cook or reheat precooked
products. Examples included baking or steaming in an oven, boiling in
water, roasting on a grill, or deep fat frying in oil, with each method
offering different taste or texture. Cooking in a microwave oven is an-
other commonly used method to prepare precooked products. Unlike
the traditional cooking methods by which temperature increases slowly
with a heat source, foods become hot in a microwave oven due to the
energy release in the form of heat as a result of vibration of water mol-
ecules. With the advantages of short cooking time, less preparation in
advance, as well as quick and easy clean-up after uses, microwaving
has become one of the most popular ways for cooking lunch boxes or
other forms of precooked products (Cross, Fung, & Decareau, 1982).

In addition to safety, another predominant factor that affects con-
sumers’ readiness in buying precooked products is the quality of food.
As the majority of precooked products in the market are designed
with extended shelf life, precooked foods are generally stored fro-
zen; therefore, changes in quality as a consequence of dehydration,
protein denaturation, or tissue cell breakage are commonly observed
(Matlock, Terrell, Savell, Rhee, & Dutson, 1984; Sikorski & Sunpan,
1992; Chang, Chang, Shiau, & Pan, 1998; Arannilewa, Salawu,
Sorungbe, & Ola-Salawu, 2005). The excess thermal treatment his-
tory also potentially decreases the quality of precooked products
by reducing moisture content or hardening texture (Panea, Safudo,
Olleta, & Civit, 2008; Péttorak et al., 2015). Therefore, finding ways
to determine or preserve the quality of precooked products is essen-
tial. Polyphosphate treatment, most commonly consisting of a blend
of sodium tripolyphosphate and hexametaphosphate, is a widely
employed technique in the meat and seafood industry to preserve
quality of food. It has been used to effectively enhance muscle juici-
ness and reduce drip loss and cooking loss during cooking, freezing,
and frozen storage, where myofibrillar proteins readily denature and
lose the majority of their water binding capacity (Dyer, Brockerhoff,
Hoyle, & Fraser, 1964; Morey, Satterlee, & Brown, 1982; Woyewoda
& Bligh, 1986; Sheard, Nute, Richardson, Perry, & Taylor, 1999).
When properly used, polyphosphate treatment gives no flavor while
retarding oxidative deterioration of muscle by chelating heavy metal
ions (Lampila, 1993). Besides retaining natural muscle moisture and
preventing lipid oxidation, the ability of increasing thermal stability of
proteins and imparting cryoprotection is also beneficial to preserving
quality of food (Etemadian, Shabanpour, Sadeghi Mahoonak, Shabani,
& Alami, 2011).

In the U.S. market place, there are many examples of precooked
poultry products designed to be reheated in a microwave oven and, to
a lesser extent, fish products such as tilapia. However, precooked cat-
fish products designed to be microwave cooked remain in a relatively
small portion. The present study investigated the quality of raw frozen
catfish fillets, microwave cooked, or oven precooked fillets reheated
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by microwave cooking. As precise control on cooking time and mi-
crowave power plays an important role in determining the quality of
the final product, preliminary cooking experiments were performed to
explore the optimum microwave conditions. Finally, changes in chem-
ical and mechanical properties as a consequence of treatment with
a commercial polyphosphate blend were also evaluated. This work is
expected to provide practical information to the catfish industry in the
preparation of future frozen catfish products that are designed to be

cooked or reheated in a microwave oven.

2 | MATERIALS AND METHODS

2.1 | Sample preparation

Both fresh and IQF (containing a commercially injected polyphos-
phate blend) catfish samples were purchased from a commercial cat-
fish processor in Mississippi. Fillets were placed in plastic bags and
stored frozen at —20°C until cooked or analyzed. They were sepa-
rated into four treatment groups: raw (R), precooked (P), precooked
plus microwave cooked (P + M), and microwave cooked (M). For each
group, two randomly selected fillets (5-7 oz) were trimmed and cut
into three pieces (two front, two middle, and two end pieces) each
weighing approximately 50 g.

2.2 | Precooking method

Thermocouples (company name) were inserted into the center of
samples in groups P and P + M, which were precooked on a pan in a
121°C (250°F) convection oven to an internal temperature of 60°C
(140°F). After reaching an internal temperature of 60°C (140°F), sam-
ples were removed from oven and placed on a rack where the inter-
nal temperature continued to increase. Initial studies found that after
samples were removed from the oven, the fillet internal temperature
increased to an average final temperature of 62.8°C (145°F) for ~50 g
fillet pieces. After the precooking step, samples were then stored
frozen at —20°C until cooked by microwave or analyzed.

2.3 | Cooking or reheating method

Both fresh and IQF samples that required a final microwave cooking
process (groups P + M and M) were prepared by microwaving the pre-
cooked frozen or raw frozen fillets on medium (870 W) for 2.5 min
(3.5 min for IQF samples), which resulted in internal temperature of
93°C (200°F). Once cooked, they were individually placed in ziploc

bags and stored frozen at -20°C until analyzed.

2.4 | Cooking loss calculation

Cooking loss was calculated as percent weight loss from before to
after cooking. For samples in group P + M, weight loss for both pre-
cooking and microwave cooking processes was recorded, and cooking
loss was calculated as the total percent weight loss before precooking
and after microwave cooking.
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2.5 | Proximate analysis

Proximate analysis was performed on ground samples. Moisture con-
tent was determined gravimetrically, in triplicate, after drying the sam-
pleina 103°C oven for 24 hr. The sample was then collected and used
to analyze ash and protein content. Ash content was obtained gravi-
metrically by heating the dried sample in a muffle furnace (Thermal
Scientific Lindberg Blue M) at 550°C for 5 hr. Protein analysis was
performed in triplicate using a FP628 nitrogen analyzer (LECO Co.,
St. Joseph, M), and protein content was determined by multiplying
the results by 6.25. EDTA was employed as the calibration standard.
Pseudo lipid content was obtained by subtracting percent moisture,
ash, and protein from 100. All data presented in this article were

based on wet weight unless otherwise specified.

2.6 | Colorimetric measurements

CIE L* (lightness), a* (redness), b* (yellowness) color values were ob-
tained on both the surface and vertical cross-section (internal) of the
fillet using a CR-410 Chroma meter (Konica Minolta, Ramsey, NJ) with
50 mm aperture size, 2° observer, illuminant C, and 0° viewing angle.
Before measuring the samples, the instrument was calibrated using
a standard white CR A44 Minolta calibration plate. Four areas were
measured on each sample piece.

2.7 | Texture analysis

Mechanical texture of the cooked sample pieces was measured on a
TAXTplus Texture Analyzer (Stable Micro Systems Ltd., Godalming,
UK) with a 30-kg load cell using a TA-18 (half inch diameter ball)
probe. Hardness was determined as the peak positive force with ex-
ponent software during a single cycle compression to 50% of the sam-
ple height (thickness) at 1 mm/s pretest speed, 1 mm/s test speed,
and 3 mm/s posttest speed. Samples in plastic bags were thawed in
a cold water bath to room temperature and texture was measured at
two areas per sample piece before vertically cutting the sample pieces
into half for internal colorimetric measurements.

2.8 | pH measurement

Samples for pH measurements were prepared by homogenizing 2 g of
sample (wet weight) in 20 ml Nanopure water (resistivity 18.2 MQ cm)
for 30 s. After samples were homogenized, 20 ml of Nanopure water
was used to rinse-off residuals left on the probe of homogenizer
and added to sample solution. The pH values were measured using
a @350 pH meter (Beckman Instruments, Inc., Fullerton, CA) with a

glass electrode.

2.9 | Thiobarbituric acid reactive substances
(TBARS) determination

A 5 g (wet weight) sample was mixed with 10 ml of 10% (w/v) trichlo-
roacetic acid (TCA), and the mixture was homogenized for 90 s. After

removing the precipitate, 2 ml of supernatant was mixed with 2 ml
of TBA reagent (20.8 mmol/L). The mixture was then heated in a dry
bath for 20 min at 94°C, giving a transparent pink solution. Amount
of malondialdehyde (MDA) was obtained by reading the absorbance
at 532 nm on a Lambda 35 UV/Vis Spectrometer (PerkinElmer, Inc.,
Beaconsfield, UK). Results were expressed as ug MDA per gram of

wet sample.

2.10 | Statistical analysis

All data presented in the article were statistically analyzed by one-way
analysis of variance (ANOVA), p < .05. Comparison was performed be-
tween treatments as well as between fresh and IQF fillets. A Tukey’s
test was used for all pairwise multiple comparison. For analyses that
failed normality or equal variance tests, a Kruskal-Wallis ANOVA on
ranks was used, with a Dunn’s method used for all pairwise multiple
comparison. A Mann-Whitney rank sum test was used to compare
fresh and IQF results.

3 | RESULTS AND DISCUSSION

3.1 | Effect of fillet size on cooking time

A preliminary microwave cooking experiment was conducted to
study the time required to microwave cook different weights of
fresh catfish fillets: 50 g, 100 g, and 150 g (one, two, and three fil-
let pieces) to an internal temperature of 93°C (200°F). The higher
end temperature of 93°C (200°F), considering 62.8°C (145°F) is
the minimum internal temperature required for cooked fish as sug-
gested by Food and Drug Administration (FDA, 1999a), was chosen
to minimize temperature deviation caused by variation in fillet size
or thickness, after microwaving for the desired length of time. All
samples were cooked on high in a covered Corningware dish with a
1.45-kW microwave oven. For a fillet piece weighing approximately
50 g, the internal temperature increased from 16°C (61°F) to 54°C
(129°F) to 97°C (207°F) after microwave cooking for 0.5 min, 1 min,
and 1.5 min, respectively. A 0.5- to 1-min increment in cooking time
was required for each additional fillet piece to cook to similar inter-
nal temperatures. When cooking loss was plotted as a function of
cooking time, a linear correlation was observed (Figure 1). A smaller
number of fillets cooked faster, resulting in a significantly greater
cooking loss.

3.2 | Effect of microwave power on cooking time and
moisture content

To evaluate the effect of microwave power on cooking, fresh cat-
fish fillet pieces each weighing approximately 50 g were cooked in
a microwave oven at three different power levels, low (290 W), me-
dium (870 W), and high (1.45 kW). Correlation between cooking time
and cooking loss was shown in Figure 2. The cooking was relatively
nonuniform, with the coldest part being the bottom of fillet, until an
internal temperature of ~93°C (200°F) was observed (2-2.5 min on
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medium and 1.5 min on high). At comparable cooking conditions (in-
ternal temperature and cooking loss), fillets cooked on high (1.45 kW)
lost significantly more moisture (14%) than fillets cooked on me-
dium (870 W), which had a 9.6% moisture loss. Based on preliminary
results, cooking on medium (870 W) for 2.5 min was determined as
the optimum condition for cooking a ~50 g catfish fillet using a mi-
crowave oven.

3.3 | Cooking loss

Figure 3 shows the cooking loss for fresh and IQF samples of vari-
ous treatments. An increase in cooking loss in the microwave treat-
ments was in agreement with one report that showed cooking in a
microwave oven results in a greater cooking loss relative to products
cooked by conventional methods (Kylen, McGrath, Hallmark, & Van
Duyne, 1964). The P + M treatments showed the greatest cooking
loss, with its value equaling the sum of the P and M treatments, and
being significantly different from the M treatment in IQF samples. The
larger cooking loss for microwave treatments (P + M or M) was ac-
companied by a higher percent moisture loss (Figure 4). A similar loss

was seen whether the fillets contained polyphosphate (IQF) or not.
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FIGURE 1 Correlation between cooking loss and cooking time of
three different fillet sizes (fresh samples). The linear regression lines
and equations were shown in the plot
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FIGURE 2 Correlation between cooking loss and cooking time of
fresh catfish fillets cooked at three different microwave power levels.
The linear regression lines and equations were shown in the plot
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There was no significant difference between fresh and IQF samples

for all treatments.

3.4 | Proximate analysis

The results of proximate analysis for both fresh and IQF catfish sam-
ples are shown in Table 1. The percent moisture of the fresh samples
with P + M treatment was not significantly different from the M treat-
ment; however, for the IQF samples there was a significant difference
between the P + M and M treatments, with a P + M moisture loss of
11% compared to 3.8% for M (Figure 4 and Table 1). Consistent with
previously reported results, the moisture retention properties were
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FIGURE 3 Comparison of cooking loss for fresh and IQF fillets
between various treatments. Bars marked with the same letter
designate no significant difference (p > .05) between treatments
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FIGURE 4 Percent weight after cooking treatments and
proximate compositions for both fresh and IQF fillets between
various treatments. Values were normalized to 100 g for raw (or
uncooked) fillets. Weights for the cooked fillets were subsequently
calculated by subtracting the cooking loss
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TABLE 1 Proximate composition of fresh and IQF catfish fillets of
various treatments

R P P+M M

Fresh

Moisture (%) 7573 73.70° 66.18° 66.38°

Ash (%) 0.97 1.04? 1.42° 1.14%

Protein (%) 17.60°  20.53° 27.27° 23.77°

Lipid* (%) 570  474° 5.14% 8.71°
IQF

Moisture (%) 77.23%  76.99%* 68.71%* 74.33°

Ash (%) 1.31* 1.69° 2.12% 1.86"

Protein (%) 1581 17.29% 24.95% 20.06"

Lipid® (%) 5.65° 4.04° 4.21° 3.76™

Values for IQF fillets having an asterisk (*) indicate a significant difference
between fresh and IQF for the corresponding treatment. Values with the
same superscript letter, within a row, are not significantly different
(p >.05).

Pseudo lipid content obtained by subtracting percent moisture, ash, and
protein from 100.

significantly greater for fillets with polyphosphate treatment (IQF), rel-
ative to fresh fillets (Regenstein, Jauregui, & Baker, 1984; Etemadian
et al, 2011). The effect was particularly perceptible for raw frozen
fillets after microwave cooking (M), with <4% moisture loss relative to
12% for fresh samples with similar treatment.

A relatively larger standard deviation was found in percent ash
within treatments for IQF fillets, possibly reflecting a nonuniform
polyphosphate distribution both between fillets and between posi-
tions (front, middle, or end) within a fillet. The more fillets were cooked
(P+M >M > P >R), the greater the percent ash was for both types
of fillets (fresh or IQF), despite the differences not being significant
among most treatments on a dry weight basis. Comparing fresh to IQF
samples, all IQF samples showed a significantly higher (0.3%-0.7%)
percent ash than the comparable fresh samples as expected. These
results were consistent with the results obtained from phosphate anal-
ysis, in which an average of 0.3% and 0.6% polyphosphate was mea-
sured for raw and cooked IQF samples, respectively. The higher ash
and polyphosphate numbers observed in cooked IQF fillets indicated
negligible polyphosphate loss after cooking while percent moisture
became lower.

A similar trend of increasing percent protein (P+M >M > P >R)
was observed for both types of samples (fresh or IQF), with fresh fillets
having significantly greater (1.8%-3.7%) percent protein than IQF fil-
lets. Within a type of fillets (fresh or IQF), significant differences were
found between raw (R) or precooked (P) and microwave cooked (P + M
or M) samples.

Percent lipid was calculated to be 4%-6% (except for fresh M), con-
sistent with the reported values for catfish fillets (Mustafa & Medeiros,
1985). The microwave cooked (M) fresh samples had a higher lipid value
of 8.7%, possibly due to the high percent moisture loss relative to the
comparable IQF samples. All fresh samples contained greater percent
lipid than IQF samples, with significant difference found in group M.

3.5 | Color analysis

When color of the surface of fresh or IQF fillets was determined,
groupings were observed showing separation between treatments
along the L*(C) (lightness), a*(C) (redness), and b*(C) (yellowness) axis
(Figure 5). The microwave cooked (M) samples showed the greatest
lightness and least amount of redness for both types of fillets, followed
by groups P + M, P, and R. The amount of yellowness reflected the
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FIGURE 5 Comparison of surface L*a*b* color values for

both fresh and IQF catfish fillets between various treatments.
Positive a* = degree of redness, positive b* = degree of yellowness,
L* = lightness. Different treatments were noted with different colors
of balls
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history of cooking, with the double cooked (P + M) samples showing
significantly greater yellow color than microwave cooked (M) samples.
All cooked fresh samples (P, P + M, or M) had a significantly greater
amount of red and yellow color than the comparable IQF samples.
Although differences in lightness between different cooked treat-
ments were distinguishable when color was determined on the surface
of fillets, all cooked samples (P, P + M, or M), for both fresh and IQF
fillets, had similar lightness on the cross-section when fillets were ver-

tically cut into half (Figure 6). Similar to surface color, all cooked fresh

Fresh

4

85

Interna 1 *

Interna|

FIGURE 6 Comparison of internal (vertical cross-section surface)
L*a*b* color values for both fresh and IQF catfish fillets between
various treatments. Positive a* = degree of redness, positive

b* = degree of yellowness, L* = lightness. Different treatments were
noted with different colors of balls
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samples (P, P + M, or M) showed a greater amount of internal lightness,

redness, and yellowness than the comparable IQF samples.

3.6 | pH value

Samples which were cooked in a microwave oven (P + M or M) had a
slightly higher pH value than samples that were not (R or P) (Table 2).
However, the differences were not considered significant between
treatments or types of cooked fillets, except group M IQF samples
had a significantly higher pH value than fresh samples with similar

treatment.

3.7 | Texture analysis

Correlation between position of fillet and mechanical texture for both
cooked fresh and cooked IQF fillets was shown in Figure 7. A general
trend of decreasing hardness was observed from front to middle to
end pieces (decreasing fillet thickness). After cooking in a microwave

TABLE 2 The pH values of fresh and IQF catfish fillets of various
treatments

pH R P P+M M
Fresh 6.94 6.89 7.17 7.02
IQF 6.95 6.92 7.07 7.21*

Value for IQF fillets having an asterisk (*) indicates a significant difference
between fresh and IQF for the corresponding treatment.
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1,000 |-  End

1,200 [

a
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600 F

400

200

1,400/0 |
IQF

Hardness (g)

1,200 f
1,000 - = End

b
ab |
5 b
800 [
L a*
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E a*
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FIGURE 7 Mechanical texture analysis (hardness) of fresh and
IQF fillets of various treatments. Results were plotted separately by
position of fillet (front, middle, or end). When position of fillet was
considered as a random variable, bars marked with the same letter
on top, within the same type of fillet, are not significantly different

(p > .05). Significant differences between fresh and IQF for the
corresponding treatment were noted with an asterisk on the graph of
IQF samples
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oven, precooked (P + M) fresh samples did not show significant differ-
ence in texture relative to non-precooked (M) fresh samples, whereas
a significantly harder texture (1.4 times) was measured for precooked
(P + M) IQF samples when compared to raw frozen microwave cooked
samples (M). As previously reported, polyphosphate treatment in-
creases juiciness and tenderness of meat and seafood products due
to the weakened muscle structure (Klose, Campbell, & Hanson, 1963;
Griffiths & Wilkinson, 1978; Sheard et al., 1999). All fresh fillets had
a harder texture than IQF fillets, with significant differences found in

groups P and M (1.7 and 1.8 times, respectively).

3.8 | TBARS level

To evaluate the extent of lipid oxidation as a consequence of vari-
ous treatments, malonaldehyde (MDA) concentration, one of the main
end products of lipid oxidation, was measured by performing TBARS
assay. Figure 8 compares the MDA concentration of both fresh and
IQF fillets of various treatments. Although similar MDA concentra-
tions were detected for raw fresh and raw IQF fillets, IQF fillets
showed significantly lower TBARS level than fresh fillets after being
cooked (P, P + M, or M) (Lampila, 1993). It is worth noting that these
results are consistent with the percent lipid of the samples as shown
in Figure 4. One report showed MDA could be lost during cooking
by dissolution or formation of adducts with proteins (Weber, Bochi,
Ribeiro, Victorio, & Emanuelli, 2008). A lower TBARS level was meas-
ured when a greater percent lipid loss was observed after cooking
(raw fresh = raw IQF; lipid loss of fresh <IQF for groups P, P+ M,
or M). No significant difference was found between different cooked
treatments (P, P + M, or M) within fillet type.

4 | CONCLUSION

The microwave cooked products from raw or precooked fresh cat-

fish fillets did not show a significant proximate composition, MDA

concentration, pH value, or texture difference. However, after cook-
ing in a microwave oven, precooked IQF fillets had significantly lower
percent moisture, higher percent protein, and harder texture relative
to samples that were not precooked. The longer fillets were thermally
treated for, the greater the amount of yellow color was. Therefore, a
significantly greater yellowness was observed on the surface of micro-
wave cooked samples which were precooked, for both fresh and IQF
fillets. The precooked fresh pieces also showed a significantly lower
lightness on the surface and a greater yellowness on the cross-section
surface. Comparison of fresh to IQF fillets showed IQF fillets to have
significantly higher percent moisture and ash, lower percent protein,
softer texture (P or M), lower MDA concentration, and less amount
of surface and internal red and yellow color, relative to the compa-
rable fresh fillets. The smaller sample size of approximately 50 g fillet
pieces, high end temperature of 93°C (200°F), or limited number of
fillet used for each treatment in the research may give rise to slight
variations in product quality when practiced by industry. Ongoing re-
search includes a storage study of precooked fillet pieces which may
be of benefit to the development of safe precooked catfish products

that can be reheated in a microwave oven.
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