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ABSTRACT Long photoperiods are used in the
broiler industry to maximize animal performance,
though the impact on meat quality remains poorly
understood. The current study evaluated the impact of
photoperiod on functional/physicochemical properties
and oxidative stability of meat through broiler pro-
cessing. Ross 308 broilers (n 5 432) were randomly
assigned to 4 photoperiod treatments (hours in
L 5 light, D 5 dark): 20L:4D, 18L:6D, 16L:8D, or
12L:12D with 6 pens per treatment. At 42 D of age, 2
broilers per pen (n 5 12 per treatment) were harvested
under standard conditions. Broiler tenderloin (M.
Pectoralis minor) and leg muscles were removed at 1 D
postmortem and frozen/stored at 240�C. After 24 h
thawing at 2�C, the samples were deboned, ground, and
formed into patties in 3 independent batches. Photo-
period had no impact on pH, water-holding capacity,
textural profile, meat emulsion activity index, and thiol
content (P . 0.05). The patties from 12L:12D and
16L:8D had lower CIE b* (yellowness) values than
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18L:6D and 20L:4D (P , 0.05), whereas 12L:12D had
lower chroma (color intensity) values than other
treatments (P , 0.05). The meat from 20L:4D exhibi-
ted lower sarcoplasmic protein solubility than other
treatments (P , 0.05), whereas both 20L:4D and
18L:6D exhibited lower total protein solubility than
12L:12D (P , 0.05). Higher transmission values (indi-
cation of protein denaturation) were observed in
20L:4D than in other treatments (P , 0.05), whereas
12L:12D also maintained lower values than both
18L:6D and 16L:8D (P , 0.05). There was an interac-
tion (P , 0.05) between photoperiod and display
storage on 2-thiobarbituric acid reactive substances
values, where the patties from 12L:12D maintained less
lipid oxidation compared with the patties from other
treatments. Results of this study suggest photoperiod
has limited impact on meat quality attributes, though
rearing broilers with a 12L:12D lighting schedule may
be beneficial in reducing protein denaturation and
improving lipid stability.
Key words: broiler, oxidative stability, photoper
iod, processed meat quality, protein functionality
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INTRODUCTION

It has been well established that broiler growth rate
and economic efficiency can be controlled to some extent
by manipulating photoperiod (Olanrewaju et al., 2019).
Lighting regimes (hours in light 5 L, dark 5 D) with
continuous (24L:0D) or near-continuous (23L:1D) pho-
toperiods have been demonstrated to improve broiler
performance attributes such as growth rate, feed
consumption, and feed conversion, especially during
the starter phase (Classen et al., 1991; Lien et al.,
2007, 2009). Moreover, there is substantial evidence
that long photoperiod lighting schedules can improve
breast meat yields at the expense of thigh, drum, and
wing yields (Downs et al., 2006; Lien et al., 2007,
2009). Increased deposition of breast muscle at the
expense of leg muscle has been demonstrated to
increase incidence of leg abnormalities and impair
walking ability (Classen and Riddell, 1989; Classen
et al., 1991; Sanotra et al., 2002). These detriments are
thought to be the product of the genetic selection for
high degree of weight gain before skeletal maturity
coupled with inferior bone deposition through
disruptions to the normal circadian rhythm
(Olanrewaju et al., 2006). Thus, there is an interest in
the broiler industry to develop a photoperiod program
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that allows birds to maintain the physiological diurnal
rhythm for improving welfare without affecting meat
production and quality.

Information regarding the photoperiod effects on
broiler meat quality is currently limited, although there
are a couple of studies conducted in pigs. It has been re-
ported that the raw hams from pigs of a longer photope-
riod group (14L:10D) had a higher saturation degree of
subcutaneous fat than pigs of a shorter photoperiod
group (8L:16D) (Sardi et al., 2012). Martelli et al.
(2015) also reported that the hams from the longer
photoperiod group had a lower weight loss during the
dry-curing period than the shorter photoperiod counter-
part. With respect to broiler meat quality associated
with photoperiod, the study by Li et al. (2010) demon-
strated that the breast muscle (M. Pectoralis major)
from broilers reared under a 23L:1D lighting schedule
had reduced percent meat protein and increased lipid
oxidation compared to 12L:12D. The finding of
increased lipid oxidation with longer photoperiod in
M. Pectoralis major muscles was corroborated by our
parallel study published by Tuell et al. (2020). While
most measures of carcass and meat quality were unaf-
fected by photoperiod regime, fillets from 20L:4D
appeared lighter with increased discoloration compared
with shorter photoperiod groups, attributed to alter-
ation of muscle metabolites related to oxidative stress
(e.g., oxidized glutathione). It has been established
that broiler meat with higher CIE L* values has inferior
water-holding capacity (WHC) and emulsification
capacity when ground (Qiao et al., 2001), but currently,
there is little to no published literature available
regarding the impacts of photoperiod on processed
broiler meat functional/physicochemical properties and
oxidative stability. Thus, the objectives of this study
were to determine the impacts of photoperiod on pro-
cessing functional properties of ground raw meat and
physicochemical characteristics and oxidative stability
of meat patties of broilers. Results of this study would
provide the broiler industry with practical knowledge
regarding the impact of photoperiod regime and process-
ing effects on meat quality.
MATERIALS AND METHODS

Animal Handling

Animal use and procedures were approved by the Pur-
due Animal Care and Use Committee (1712001657).
Photoperiod Treatments

Four hundred thirty-two 1-day-old chicks (Ross 308
broilers) were weighted in 18 bird-groups and assigned
to 24 pens (110 cm! 110 cm per pen) with equal weight
distribution among the pens. The pens were randomly
assigned to 4 temperature and lighting–controlled rooms
at the Poultry Research Farm of Purdue University. The
rooms were assigned to one of 4 photoperiod treatments
(n 5 6): 20L:4D, 18L:6D, 16L:8D, and 12L:12D, started
at day 14. The lighting regimen was constant at 30 L!
for 24L:0D at day 1, reduced to 23L:1D from day 2 to 7,
adjusted in gradual increments to reach the respective
regimes at day 14, and then maintained at each respec-
tive regime until 42 D of age.
The brooding temperature was 34�C for the first 3 D,

gradually reduced as the birds progressed in age until
21�C to 24�C was reached and then maintained until
the end of this study. All birds received a starter diet
with 23.43% CP and 3,050 kcal ME/kg from day 1 to
14; a grower diet with 22.81% CP and 3,150 kcal ME/
kg from day 15 to 28; and then a finisher diet with
19.17% CP and 3,200 kcal ME/kg from day 29 to 42.
Each pen was equipped with 1 basic feed dispenser
made of UV-resistant plastic and 1 water line.
Throughout the entire experimental period, the birds
had free access to feed and water.
Slaughter and Meat Processing

At 42 D of age, 2 broilers per pen (n 5 6; 12 birds per
treatment) were randomly selected and transported
approximately 30 min to a harvest facility where birds
were electrically stunned and slaughtered under stan-
dard procedures. Carcasses were air-chilled in a 2�C
carcass cooler for 24 h. After chilling, tenderloins (M.
Pectoralis minor), thigh, and drum muscles were
collected from both sides of each carcass, and skin and
visible connective tissue were removed. Samples were
vacuum-packaged in nylon/polyethylene pouches
(Bunzl Processor, Riverside, MO) and frozen/stored at
240�C. Before grinding and patty manufacture, meat
was thawed for 24 h at 2�C. Thawed meat was deboned,
cubed, ground through an 8-mm plate (M-12-FS, Tor-
rey, Monterey, NL, Mexico), and mixed uniformly.
Ground meat and patties were manufactured in 3 inde-
pendent batches, and proportions of tenderloin, thigh,
and drum muscles were kept constant across treatments
and batches. A total of 12 patties (approximately 100 g
each) per treatment was manufactured per batch using a
round-shape patty maker (10 cm diameter ! 3 cm
depth). Remaining ground rawmeat was used to analyze
pH and functional properties as described in the subse-
quent sections. Three patties were immediately used
for cooking loss and texture profile analysis. Remaining
patties were displayed for either 0 D, 2 D, or 4 D at
2�C on foam trays with oxygen-permeable polyvinyl-
chloride film overwrap (0.5 mil; Reynolds Food Service
Packaging, Richmond, VA) with soaking pad under-
neath, with 3 patties randomly assigned to each display
duration. Freezing/thawing loss was measured on 0-day
displayed patties, while display weight loss was
measured on both day 2 and day 4 displayed patties.
Instrumental color attributes were measured on patties
displayed for the full 4 D of display storage. Light during
the display period was provided using a fluorescent bulb
at 1,850 L! intensity. At each respective display storage
duration, 3 patties each were frozen/stored at240�C for
later determination of oxidative stability.
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Functional Properties of Ground Raw Meat

pH Measurement To determine pH, 3 g of ground raw
meat was homogenized with 27 mL of distilled water at
6,000 rpm for 60 s using an Ultra Turrax homogenizer
(Ultra-Turrax T25; Janke & Kunkel IKA-
Labortechnik, Staufen, Germany). The pH value of
ground raw meat was determined using an electronic pH
meter (Sartorius Basic Meter PB-11, Sartorius AG,
Germany) calibrated with pH 4 and 7 buffers. Measure-
ments were performed in triplicate per batch. The mean
value of replications was used for statistical analysis.
Protein Solubility Protein solubility was determined in
triplicate per batch for sarcoplasmic protein, myofibrillar
protein, and total protein solubility in accordance with
the method described by Kim et al. (2017) with the
following modifications. For the assay, 1 g sample was
homogenized with either 10 mL of 0.025 mol potassium
phosphate buffer (pH 7.2) for sarcoplasmic protein or
10mL of 0.55mol potassium iodide in 0.05mol potassium
phosphate buffer (pH7.2) for total protein solubility. The
homogenate was held at 4�C for a period of 20 h before
centrifugation at 2,600 g. To determine myofibrillar
protein, the resulting pellet from determining sarco-
plasmic protein solubility was homogenized with 10 mL
of total protein extraction buffer and treated in the same
manner as previously described. Protein concentration of
the supernatant was determined using the biuret assay
with the BSA standard curve. Protein solubility was
expressed as mg soluble protein per g sample.
Emulsion Activity Index The emulsion activity index
(EAI) of the ground raw meat was determined in
quadruplicate as per the method described by Chan
et al. (2011) with modifications described by Bowker
and Zhuang (2016). Sarcoplasmic and myofibrillar pro-
teins were isolated in accordance with the protocol, and
protein concentration was adjusted to 1.5 mg/mL using
extraction buffer. Protein extracts were mixed with corn
oil in a 3:1 ratio using an Ultra Turrax homogenizer
(Ultra-Turrax T25; Janke & Kunkel IKA-Labortechnik,
Staufen, Germany) at 14,000 rpm. A dilution consisting
of 35 mL of the emulsified layer with 3.5 mL of 0.1% (w/
v) sodium dodecyl sulfate buffer was prepared, and
absorbance was read at 500 nm using a spectropho-
tometer (Epoch, BioTek Instruments, Inc., Winooski,
VT). The EAI was calculated as: EAI 5 2.33*Abs500nm.
Transmission Value Transmission value was deter-
mined in duplicate per batch in accordance with the
method described by Ockerman and Cahill (1968) with
modifications described by Kim et al. (2010). In brief,
5.0 g sample was homogenized in 10 mL distilled water,
after which the homogenate was gently rocked for 1 h at
4�C. After this storage, tubes were centrifuged at 1,000 g
for 10 min at 4�C, and the resulting supernatant was
filtered through a Whatman #1 filter paper. One milli-
liter of the filtrate was mixed with 5 mL of 0.1 mol citric
acid in 0.2 mol sodium phosphate buffer (pH 4.6). After
30 min incubation, percent turbidity at 600 nm was
measured using a spectrophotometer (Epoch, BioTek
Instruments, Inc., Winooski, VT). Higher transmission
values indicate less soluble protein and higher protein
denaturation.
Quality Attributes and Oxidative Stability of
Manufactured Patties

Moisture Content Moisture content (934.01) of manu-
factured patties was determined in triplicate in accor-
dance with AOAC guidelines (AOAC, 2006).
Water-Holding Capacity The WHC of patties was
determined by freezing/thawing loss (%), cooking loss
(%), and display weight losses (%). Freezing/thawing
loss was calculated in triplicate as the percent difference
between weights of 0 D displayed patties before frozen
storage at 240�C and later thawing for 24 h at 2�C.
Cooking loss was determined in triplicate by cooking
fresh patties on an electric griddle set at 135�C until in-
ternal temperature reached 41�C, after which patties
were flipped and cooked until internal temperature
reached 71�C. Temperature increase of patties was
monitored using a data logger (OctTemp 2,000; Madge-
Tech, Inc., Warner, NH) connected to a type T thermo-
couple (Omega Engineering, Stamford, CT) inserted
into the geometric center of each patty. Cooking loss
was determined as the percent difference between initial
weight and weight after cooking. Display losses were
calculated as the percent difference between patty
weights before and after 2 or 4 D of display storage,
respectively, with 3 patties per display duration.
Texture Profile Analysis Texture profile analysis was
determined as per the method described by Bourne
(1978) with modification. Texture profile attributes
were determined in triplicate from cooked samples after
overnight storage at 4�C using a TA-XT Plus Texture
Analyzer (Stable Micro System Ltd., Surrey, UK). Cores
(n 5 4 per patty, approximately 2 cm diameter each)
were taken from each patty and used for a twice
compression cycle test (5 mm/s test speed, 10 mm dis-
tance). Values for hardness (g), resilience (%), cohesion,
springiness (%), gumminess, and chewiness were deter-
mined, andmean values from the replicates were used for
statistical analysis.
Instrumental Color Attributes Instrumental color at-
tributes (CIE L* [lightness], CIE a* [redness], and CIE
b* [yellowness]) were measured daily on 3 randomly
selected locations per patty during the display storage.
Values were recorded using a CR-400 Chroma Meter
(Konica Minolta, Chiyoda, Tokyo, Japan) with CIE
standard illuminantD65. Values for hue angle (indication
of discoloration) and chroma (color saturation) were
calculated in accordance with American Meat Science
Association colormeasurement guidelines. The hue angle
was calculated as hue angle5 tan21(CIE b*/CIE a*) and
chroma as chroma5

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

a�21b�2
p

(AMSA, 2012). Samples
used for colormeasurements were then frozen/stored and
considered as a 4-day-displayed biochemical sample.
Lipid Oxidation Lipid oxidation was determined in
duplicate for each display time point per batch using
the 2-thiobarbituric acid reactive substances (TBARS)
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assay described by Buege and Aust (1978) with the
modifications described by Kim et al. (2017). Absor-
bance was measured at 531 nm using a microplate
spectrophotometer (Epoch, Biotek Instruments, Inc.,
Winooski, VT). Values for TBARS were expressed as mg
malondialdehyde (MDA) per kg sample.
Protein Oxidation Protein oxidation was determined
in duplicate by the loss of thiol groups using Ellman’s
5, 50-Dithiobis (2-nitrobenzoic acid) assay following the
method described by Vossen and De Smet (2015) for
each display time point per batch. Absorbance was
measured at 412 nm using a microplate spectropho-
tometer (Epoch, Biotek Instruments, Inc., Winooski,
VT). Concentration of thiol groups was determined by
the formula of Lambert–Beer (ε412 5 14,000 M21 cm21),
and the result was expressed in nmol thiol/mg protein.
Protein concentration was determined using BSA to
create the standard curve.
Statistical Analysis

Most data were analyzed in a completely randomized
block design with photoperiod treatments (20L:4D,
18L:6D, 16L:8D, and 12L:12D) as the fixed effect. Batch
(n5 3) was considered as the experimental unit. Batches
and their interactions with the main effects were consid-
ered as random effects. A model of the fixed effect was
analyzed using the PROC MIXED procedure of SAS
9.4 (SAS Institute Inc., Cary, NC). Data including
display period were analyzed as a split plot, with photo-
period treatment as a whole plot and display duration as
a subplot. A model including the main effects and their
interaction was analyzed for these attributes, with
batches and their interactions with the main effects as
random effects. The PDIFF option of SAS was used to
determine least significant differences for separation of
least square means (P , 0.05). Trends in the data
were defined as (0.05 � P , 0.10).
RESULTS AND DISCUSSION

Functional Properties of Ground Raw Meat

Photoperiod treatments had no meaningful impact on
pH of the ground raw meat (P . 0.05; Table 1). There
Table 1. Effect of photoperiod on pH, protein solubility, em
denaturation) of ground raw broiler meat.

Treatment pH

Protein solubility1

Myofibrillar Sarcoplasmic

20L:4D 6.05 126.2 52.6b

18L:6D 6.10 130.9 67.3a

16L:8D 6.04 130.4 60.8a

12L:12D 6.12 120.9 68.1a

SEM 0.04 6.2 2.3
Significance of P-value 0.254 0.626 0.005

a-cLeast square means lacking a common superscript within a column
1Protein solubility is expressed as mg soluble protein per g sample.
2Emulsion activity index is expressed as 2.33*Abs500nm.
were, however, differences in sarcoplasmic and total pro-
tein solubility, as well as transmission value, owing to
photoperiod effects (P , 0.05). Ground raw meat from
20L:4D exhibited lower sarcoplasmic protein solubility
than other photoperiod treatments (P , 0.05), whereas
no differences were observed among 18L:6D, 16L:8D,
and 12L:12D (P . 0.05). Similarly, meat from 20L:4D
had lower total protein solubility than that of 12L:12D
(P , 0.05) but was not different from both 18L:6D
and 16L:8D (P . 0.05). Ground raw meat from
12L:12D had the highest total protein solubility, though
there were no differences between 12L:12D and 16L:8D
(P. 0.05). Despite treatment effects for total and sarco-
plasmic protein solubility, no differences in myofibrillar
protein solubility were observed (P . 0.05). Li et al.
(2010) found that longer photoperiods (23L:1D and
20L:4D) reduced percent meat protein than 12L:12D.
Although the CP content of the ground broiler meat
was not determined in the present study, it has been
well established that both protein content and extract-
ability heavily influence processed meat quality
(Carballo et al., 1995; Pietrasik, 1999). During thermal
processing, a protein gel matrix forms in meat, and its
strength is highly dependent on myofibrillar proteins
(Yasui et al., 1980; Asghar et al., 1985). In the present
study, photoperiod influenced the sarcoplasmic fraction
(and hence total protein solubility) rather than
myofibrillar protein, which may indicate that the
tested photoperiods had no considerable alteration to
processed meat quality. Supporting this, the EAI was
not affected by tested photoperiods, with no treatment
effects on both myofibrillar and sarcoplasmic fractions
(P . 0.05). In addition, the EAI of ground broiler
breast meat is positively correlated with pH and WHC
(Qiao et al., 2001), where no differences were observed
in the present study among these attributes because of
photoperiod effect.
Transmission value has been used as an indication of

protein denaturation in meat quality analyses (den
Hertog-Meischke et al., 1997). In the present study,
transmission value was increased with longer photope-
riod, which was in the order 30.7% (20L:4D), 24.6%
(18L:6D), 23.9% (16L:8D), and 16.3% (12L:12D). Signif-
icant differences were found between 20L:4D and other
treatments (P , 0.05), as well as between 12L:12D
ulsion activity index, and transmission value (protein

Emulsion activity index2
Transmission
value (%)Total Myofibrillar Sarcoplasmic

175.8b,c 0.54 0.12 30.7a

167.5c 0.56 0.13 24.6b

184.2a,b 0.57 0.12 23.9b

189.1a 0.61 0.12 16.3c

3.8 0.10 0.01 2.1
0.005 0.422 0.413 0.006

are different because of photoperiod effect (P , 0.05).
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and other treatments (P , 0.05), whereas no difference
was found between 18L:6D and 16L:8D groups
(P . 0.05). The photoperiod-induced alterations of
transmission value were paralleled with the identified
changes of sarcoplasmic and total protein solubility.
These may indicate that longer photoperiod may impair
meat protein functionality, as denatured proteins have a
lower solubility (Ockerman and Cahill, 1968) with an
increased transmission value (den Hertog-Mejschke
et al., 1997). It has also been established that heavily de-
natured proteins impair WHC (Sammel et al., 2002).
Given thatWHC of the patties was unaffected by photo-
period despite higher denatured proteins, it is possible
that protein denaturation occurred primarily in the
sarcoplasmic fraction. To support the hypothesis, Van
Laack and Lane (2000) reported that protein denatur-
ation has no impact on chicken M. Pectoralis profundus
myofibrillar protein solubility. It should be noted that a
more efficient chilling regime (i.e., water-immersion
chilling) than the air chilling in the present study could
potentially mitigate photoperiod-associated protein
denaturation, although this postulation would need
further study.
Quality Attributes of Manufactured Patties

There was no photoperiod treatment effect on mois-
ture content or any WHC attribute, including
freezing/thawing loss, cooking loss, and display weight
losses (P . 0.05; Table 2). Similarly, photoperiod did
not impact the textural profile of patties (P . 0.05;
Table 3).
Photoperiod treatments, however, exhibited some

impact on instrumental color attributes of patties during
retail display (Table 4). There was a strong trend
(P 5 0.053) for patties from 20L:4D to have higher
CIE L* values than those from other treatments. This
finding agrees with the increased protein denaturation
and lower sarcoplasmic protein solubility observed in
20L:4D, as previously discussed. This could be attrib-
uted to a more open muscle structure allowing moisture
migration to the meat surface, thus increasing reflec-
tance (MacDougall, 1982; Kim et al., 2010). It would
be reasonable to postulate that this would likely impair
WHC, as several studies have corroborated that higher
L* poultry meat exhibits poorer WHC (Barbut, 1993;
Qiao et al., 2001). These differences may arise from the
Table 2. Effect of photoperiod on moisture content (%
display weight loss (%) of ground broiler meat patties.

Treatment Moisture content (%) Freezing/

20L:4D 73.6
18L:6D 74.1
16L:8D 74.2
12L:12D 73.4
SEM 0.5
Significance of P-value 0.676
meat having been ground, as this could mitigate the
previously mentioned more open muscle structure
associated with protein denaturing conditions.
Alternatively, the parallel study by Tuell et al. (2020)
observed a trend (P 5 0.07) of greater moisture loss in
20L:4D carcasses during carcass chilling compared
with shorter photoperiod groups, whereas no measures
of WHC in the intact M. Pectoralis major muscles
were affected (P . 0.05). As such, it is reasonable to
postulate photoperiod-associated effects on WHC would
be most apparent early postmortem during carcass chill-
ing, contributing to minimal differences in WHC of both
intact and ground broiler meat across treatments despite
exhibiting a lighter color.

There were no interaction effects of photoperiod treat-
ment and display storage duration on color attributes
(P . 0.05. Table 4). However, patties from shorter
photoperiod treatments (12L:12D and 16L:8D) had
lower CIE b* values than those from both 18L:6D and
20L:4D (P, 0.05), whereas there were no differences be-
tween 12L:12D and 16L:8D and between 18L:6D and
20L:4D (P . 0.05). According to Du et al. (2000), CIE
b* values may be correlated with the antioxidative ca-
pacity of the muscle tissue. In that study, the meat
from White Leghorn hens fed a diet with antioxidant
conjugated linoleic acid had significantly lower CIE b*
values with a lower lipid oxidation than controls fed a
regular diet. However, hue angle (indication of discolor-
ation) was not affected by treatment in the present
study (P . 0.05). It is possible hue angle may not be
the optimal indicator of processed chicken meat discolor-
ation with relatively short display storage duration, as
hue angle did not show any meaningful change with
display (P . 0.05). Lower CIE b* values in 12L:12D,
however, influenced chroma values (color saturation),
where patties from 12L:12D were found to have less
intense color compared with other treatments
(P , 0.05). No differences between 16L:8D and the
longer photoperiod treatments (20L:4D and 18L:6D)
were shown (P . 0.05), likely attributable to 16L:8D
having numerically higher CIE a* and CIE b* values
than 12L:12D.

As expected, CIE a* and chroma values decreased
during the display period (P , 0.05), irrespective of
the photoperiod treatment, especially apparent from
0 to 1 D of display. These findings are well supported
in the literature, where chicken meat color stability has
), freezing/thawing loss (%), cooking loss (%), and

thawing loss (%) Cooking loss (%)

Display weight
loss (%)

2 D 4 D

4.7 25.0 1.4 2.2
4.6 24.6 1.2 1.7
4.9 25.3 1.2 1.9
3.9 24.6 1.0 1.8
0.9 2.4 0.2 0.4
0.686 0.955 0.134 0.218



Table 3. Effect of photoperiod on textural profile of ground broiler meat patties.

Treatment Hardness (g) Resilience (%) Cohesion Springiness (%) Gumminess Chewiness

20L:4D 5,580 24.7 0.498 68.7 2,800 1,920
18L:6D 5,220 24.9 0.497 69.4 2,600 1,820
16L:8D 5,410 24.6 0.498 67.8 2,700 1,840
12L:12D 5,150 25.2 0.491 69.2 2,550 1,790
SEM 375 0.7 0.011 3.0 241 204
Significance of P-value 0.698 0.927 0.947 0.877 0.819 0.948
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been shown to worsen with display storage (Yang and
Chen, 1993; Allen et al., 1997, 1998). Interestingly,
CIE b* values also decreased with display, with a
higher value observed at 0 D of display than all other
display dates (P , 0.05). A study by Yang and Chen
(1993) demonstrated a similar phenomenon, where
CIE b* values of raw ground broiler meat decreased after
day 0 of refrigerated storage before increasing much later
in the storage period (approximately 24 D of refrigerated
storage).
Oxidative Stability of Manufactured Patties

No interaction of photoperiod and display storage was
observed for protein oxidation (P. 0.05; Table 4). How-
ever, thiol content was decreased by display duration
(P , 0.05), indicating a higher degree of protein oxida-
tion, regardless of photoperiod treatment (P . 0.05).
Patties displayed 0 D had higher thiol content than
those at 4 D of display (P, 0.05), whereas no differences
in thiol content of patties between either day 0 and day
2, or between day 2 and day 4, of display storage were
found (P . 0.05). A previous study has corroborated
the relationship between storage duration and loss of
Table 4.Effect of photoperiod on instrumen
CIE a* [redness], CIE b* [yellowness], hue a
intensity]) and thiol content of ground broi

Treatment

Instrumental color

CIE L* CIE a* CIE b*

Photoperiod effect (P)
20L:4D 56.5 8.8 11.0a

18L:6D 55.4 9.0 10.8a

16L:8D 54.6 9.1 10.2b

12L:12D 55.1 8.3 9.8b

SEM 0.8 0.4 0.3

Display period effect (D)
0 D 55.5 10.4x 12.8x

1 D 55.6 8.8y 10.4y

2 D 55.1 8.6y,z 9.6y

3 D 55.2 8.2z 9.6y

4 D 55.5 8.1z 9.8y

SEM 0.8 0.4 0.5

Significance of P-value
P 0.053 0.128 0.009
D 0.869 ,0.001 0.003
P ! D 0.889 0.102 0.867

a,bLeast square means lacking a common supe
photoperiod effect (P , 0.05).

x-zLeast square means lacking a common supe
display period effect (P , 0.05).

1Thiol content is expressed as nM thiol group
sulfhydryl groups in chicken meat (Khan et al., 1963).
Tuell et al. (2020) found an interaction in thiol contents
of intact M. Pectoralis major muscles from day 1 to day
7 of aerobic display, where a detectable loss of thiol
groups was observed in the 20L:4D group only
(P , 0.05), whereas thiol contents of shorter photope-
riod groups were unaffected (P . 0.05).
A significant interaction between photoperiod and

display storage duration was found for lipid oxidation
as assessed by TBARS values (P , 0.05; Figure. 1).
On day 0 of display, patties from 20L:4D had higher con-
tent of MDA than patties from 12L:12D (P, 0.05), but
neither 20L:4D nor 12L:12D were different from 16L:8D
or 18L:6D (P . 0.05). At display day 2, a significant
increase in MDA content was observed in 18L:6D
(P , 0.05) but not in other treatments compared with
the level at day 0 of the respective treatment
(P. 0.05). Consequently, 18L:6D had higher MDA con-
tent on day 2 than 12L:12D (P , 0.05) but was not
different from 20L:4D and 16L:8D (P . 0.05). On
display day 4, MDA contents for both 20L:4D and
16L:8D increased from its levels observed on both day
0 and day 2 (P , 0.05). Interestingly, TBARS values
did not increase in patties from the 12L:12D treatment
tal color attributes (CIE L* [lightness],
ngle [discoloration], and chroma [color
ler meat patties during display storage.

attribute

Thiol content1Hue angle Chroma

51.3 14.1a 22.6
50.1 14.1a 23.0
47.9 13.7a 22.7
49.6 12.9b 22.2
1.0 0.4 0.6

50.9 16.6x 24.7x

49.6 13.6y -
48.3 12.9y 22.6x,y

49.3 12.7y -
50.7 12.7y 20.5y

1.1 0.5 0.7

0.150 0.006 0.490
0.399 ,0.001 0.023
0.801 0.466 0.437

rscript within a column are different due to

rscript within a column are different due to

s per mg protein.
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Figure 1. Interaction of photoperiod treatment and display storage
duration on 2-thiobarbituric acid reactive substances (TBARS) values
of ground broiler meat patties. TBARS values are expressed as mg
malondialdehyde (MDA) per kg meat. Results are displayed as least
square means 1SEM. a-cLeast square means lacking a common super-
script differ because of photoperiod treatment within the respective
display storage duration (P , 0.05). x,yLeast square means lacking a
common superscript differ because of display storage duration within
same photoperiod treatment (P , 0.05).
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during the display duration (P . 0.05). As a result,
12L:12D maintained at lower level of MDA at day 4
than all other treatments (P , 0.05). Patties from
20L:4D had higher MDA content than 18L:6D at day
4 (P , 0.05) but was not different from 16L:8D
(P . 0.05). There was no difference of MDA content
at day 4 between the 18L:6D and 16L:8D (P . 0.05).
These results indicate that using a 12L:12D photoperiod
regime can improve lipid stability. Although its mecha-
nisms were not tested in this study, it could be related
to the decrease of MDA contents in both live broiler
serum (Guob et al., 2010) and fillet muscles (Li et al.,
2010; Tuell et al. 2020) associated with shorter
photoperiod regimes. This hypothesis is supported by
the findings of longer photoperiod promoting the
release of free radicals with lowering immune function
(Abbas et al., 2008; Guob et al., 2010). Furthermore,
protein denaturation, as identified in the present
study, promotes lipid oxidation in meat products
(Love and Pearson, 1971; Li and King, 1996). The
current and previous results suggest that 12L:12D
lighting program causes less protein denaturation and
maintains lipid stability in ground broiler meat during
display, at least up to 4 D of aerobic storage.
CONCLUSIONS

Results of the present study suggest that photoperiod
can influence protein functionality and oxidative stabil-
ity of processed broiler meat products. The 20L:4D
photoperiod regime traditionally used for reaching
maximized growth potential in broilers appeared to
reduce total and sarcoplasmic protein solubility and in-
crease protein denaturation. Patties from longer photo-
periods (20L:4D and 18L:6D) were more yellow in
color. Lipid oxidation but not protein oxidation was
affected by photoperiod during simulated retail display
storage, where the patties from 12L:12D treatment
showed the least accumulation of MDA compared with
patties from other longer photoperiod groups at the
end of display storage. These data suggest that light
management is an important factor affecting broiler
meat quality. Specifically, the 12L:12D photoperiod
regime may be beneficial in producing broiler meat prod-
ucts with less protein denaturation and lipid oxidation.
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