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Abstract

This study aimed to investigate the effects of light intensity on production per-
formance, carcass characteristics, and meat quality of Beijing ducks. A total of
600 healthy 1-day-old Beijing ducks were randomly allocated to 5 groups, with
4 replicates per group and 30 ducks per replicate (half male and half female).
The light intensity for each experimental group was set at 1, 5, 10, 15, and 40
Ix, respectively, with 24-hour full artificial lighting using incandescent lamps.
The experimental period lasted for 6 weeks. The results showed: 1) During
weeks 1-6, there were no significant differences in average feed consumption and
average body weight gain among groups (P>0.05), while the feed conversion
ratio of the 5 Ix group was significantly lower than that of the 10, 15, and
40 1x groups (P<0.05). During the brooding period (weeks 1-2) and growing
period (weeks 3-5), there were no significant differences in production perfor-
mance among groups (P>0.05), while during the finishing period (week 6), the
average feed consumption and average body weight gain of the 1 Ix group were
significantly higher than those of the 5, 10, and 15 Ix groups (P<0.05). 2) Light
intensity had no significant effects on dressing percentage, eviscerated yield,
leg muscle percentage, abdominal fat percentage, and eyeball indices (weight,
transverse diameter, and anteroposterior diameter) (P>0.05), but the breast
muscle percentage of the 5 Ix group was significantly higher than that of the
40 1x group (P<0.05). 3) Light intensity had no significant effects on ultimate
pH (pHu), drip loss rate, and b* value (yellowness) (P>0.05); the initial pH
(pHi) of the 40 lx group was significantly higher than that of the 5, 10, and
15 1x groups (P<0.05), but its L* value (lightness) was significantly lower than
that of the 5, 10, and 15 Ix groups (P<0.05). The a* values (redness) of the 15
and 40 Ix groups were significantly lower than that of the 1 Ix group (P<0.05).
In conclusion, a light intensity of 5 Ix is not only energy-efficient but also can
improve feed conversion ratio and breast muscle percentage in Beijing ducks.
Additionally, low light intensity helps improve L* and a* values of meat color.
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Abstract

This study investigated the effects of light intensity on the performance, carcass
performance, and meat quality of Peking ducks. Six hundred healthy 1-day-old
Peking ducks were randomly allocated to five groups, with four replicates per
group and 30 ducks per replicate (half male and half female). The experimen-
tal light intensities were set at 1, 5, 10, 15, and 40 lx, provided by incandes-
cent lamps with 24-hour artificial lighting. The experimental period lasted for
six weeks. The results showed: (1) For weeks 1-6, there were no significant
differences in average feed intake or average body weight gain among groups
(P>0.05), but the feed-to-gain ratio of the 5 lx group was significantly lower
than that of the 10, 15, and 40 Ix groups (P<0.05). No significant differences in
performance were observed during the brooding period (weeks 1-2) and grow-
ing period (weeks 3-5) (P>0.05). However, during the fattening period (week
6), the average feed intake and average body weight gain of the 1 Ix group
were significantly higher than those of the 5, 10, and 15 Ix groups (P<0.05).
(2) Light intensity had no significant effect on dressing percentage, eviscerated
percentage, thigh meat percentage, abdominal fat percentage, or ocular indices
(weight, transverse diameter, and anteroposterior diameter) (P>0.05), but the
breast muscle percentage of the 5 Ix group was significantly higher than that of
the 40 Ix group (P<0.05). (3) Light intensity had no significant effect on ulti-
mate pH (pHu), drip loss rate, or yellowness (b) value (P>0.05). The initial
pH (pHi) of the 40 lx group was significantly higher than that of the 5, 10, and
15 lx groups (P<0.05), while its lightness (L) value was significantly lower than
that of the 5, 10, and 15 Ix groups (P<0.05). The redness (a*) values of the 15
and 40 Ix groups were significantly lower than that of the 1 Ix group (P<0.05).

In conclusion, a light intensity of 5 Ix not only saves energy effectively but also
improves feed conversion ratio and breast muscle percentage in Peking ducks.
Additionally, low light intensity helps enhance the L* and a* values of meat
color.

Keywords: light intensity; performance; carcass performance; meat quality;
Peking ducks
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Introduction

As livestock and poultry production moves toward intensification, scaling-up,
and standardization, producers raising fast-growing broiler poultry always ex-
pect to maximize production efficiency in the shortest possible time. However,
this approach in actual production leads to reduced physical health and disease
resistance in poultry, triggering negative effects such as skeletal deformities,
metabolic diseases, and sudden death syndrome [1-3]. Therefore, research and
application of the interaction mechanisms between production environment and
nutrition have become exceptionally important. As a crucial environmental
factor, lighting plays a key role in livestock and poultry production manage-
ment. Studies have shown that lighting environment can directly or indirectly
affect poultry production performance [4], immune function [5], and reproduc-
tive system development [6]. Researching and optimizing lighting environments
to improve light source utilization efficiency and reduce electricity consumption
also holds significant importance for energy conservation and emission reduction
[7].

Light intensity, as an important component of lighting environment, also affects
broiler chicken production performance and carcass performance. Some studies
have found that light intensity has no significant effect on broiler body weight
or feed consumption [8-9], but dressing percentage and thigh meat percentage
are negatively correlated with light intensity, with the wing-to-live-weight ra-
tio being highest at 1 Ix light intensity [8]. Additionally, when light intensity
is low, reduced activity helps broilers deposit fat during the fattening period,
but excessively low light increases the probability of leg and eye diseases [10].
Conversely, when light intensity is too high, increased flock activity can cause
severe pecking and prolapse [11].

However, among the numerous reported studies on lighting in broiler poultry,
most have focused on broiler chickens, with few reports on other breeds such
as ducks. As a typical Chinese duck breed, Peking duck production has been
increasing annually with growing intensification, yet standardized lighting pa-
rameters have not been established. Therefore, studying the effects of light
intensity on production performance, carcass performance, and meat quality in
Peking ducks holds important theoretical value and practical significance. This
experiment selected Peking ducks as subjects to investigate the effects of differ-
ent light intensities on their production performance, carcass performance, and
meat quality, aiming to provide reliable lighting parameters for Peking duck
production.

1.1 Experimental Animals and Design

Six hundred 1-day-old Peking ducks from the same hatch, healthy, with an
average body weight of (54.86$+£$3.32) g, were selected for the experiment (300
males and 300 females). A single-factor randomized block design was adopted.
Following the “Feeding Standard of Meat Ducks” [12], five light intensity groups
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were established: 1, 5, 10, 15, and 40 1x. Each group contained four replicates
with 30 ducks per replicate (half male and half female). The experimental period
was six weeks. Incandescent lamps served as the light source, with five lamps
installed in each compartment at 2.5 m above ground level and 1.5 m from the
rearing nets, spaced 1.5 m apart. A light controller regulated the photoperiod at
24-hour artificial lighting, and a light intensity regulator adjusted the intensity.
A light intensity meter was used to measure and calibrate the intensity in each
compartment once every three days. Light intensity values were measured at
feeder positions, with five measurement points per detection, maintaining a
coefficient of variation within 15% [13].

1.2 Feeding Management

The experimental duck house was located at Chengyuan Shenglong Breeding
Co., Ltd. in Changping District, Beijing. The duck house measured 12.0 m x
8.5 m and was fully enclosed. Dark shading cloth divided the house into five
compartments of equal area, each with different light intensity. Ducks were
raised on net floors, with all five compartments maintaining good ventilation
and consistent temperature and humidity (automatically controlled by heating
furnaces and fans). Water was supplied through unified water lines, and feed
was provided manually. Ducks had ad libitum access to feed and water. The
basal diet composition and nutrient levels are shown in Table 1 .

1.3 Measurements

1.3.1 Performance Indicators At the end of weeks 2, 5, and 6, feed was
withdrawn at 18:00, and duck body weight was measured at 06:00 the following
day. Feed intake and body weight gain were recorded to calculate average feed
intake, average body weight gain, and feed-to-gain ratio for weeks 1-2, 3-5, week
6, and weeks 1-6.

1.3.2 Carcass Performance Indicators At six weeks of age, six ducks were
randomly selected from each replicate (half male and half female) for weighing
and slaughter. Slaughter procedures followed the “Poultry Production Perfor-
mance Terminology and Measurement Methods” [14] to calculate dressing per-
centage, eviscerated percentage, breast meat percentage, thigh meat percentage,
and abdominal fat percentage. During slaughter, the left eyeball of each Peking
duck was extracted, adherent tissues were completely removed, and the eye-
ball was immediately weighed and measured for transverse and anteroposterior
diameters.

1.3.3 Meat Quality Indicators After slaughter, the left breast muscle was
collected to determine meat color, drip loss rate, and pH. Meat color was mea-
sured one hour post-slaughter using a portable colorimeter, recording lightness
(L), redness (a), and yellowness (b*) values. Drip loss rate was determined fol-
lowing the method of Rasmussen et al. [15]. Approximately 2 g of breast muscle
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was sampled, stored at 4 °C for 24 hours, and weighed before and after storage
to calculate drip loss rate. A portable pH meter measured initial pH (pHi) and
ultimate pH (pHu) at the same location on the breast muscle at 1 and 24 hours
post-slaughter, respectively.

1.4 Data Processing and Analysis

Excel and SAS 9.2 statistical software were used for data processing and anal-

ysis. Outliers and values exceeding three standard deviations from the mean

were removed for blood indicator analysis. All data were tested for normal

distribution using Pro Univariate (SAS 9.2). Variables with Shapiro-Wilk test

W$ 0.98wereconsiderednormallydistributed; non — normalvariableswerelog —

trans formedbe foreanalysis.One—way AN OV Awasper formedonexperimentaldata fromeachgroup, followea
0.05. Dataareexpressedasmeanst$standard deviation.

Results
2.1 Performance Indicators

According to the “Feeding Standard of Meat Ducks,” the feeding period for
commercial Peking ducks is divided into three stages: brooding period (weeks
1-2), growing period (weeks 3-5), and fattening period (week 6) [12]. Table 2
shows the effects of light intensity on average feed intake of Peking ducks at
different growth stages. During the brooding period, the 40 1x group had higher
average feed intake than other groups, but the difference was not significant
(P>0.05). During the growing and fattening periods, the 1 lx group showed
higher values than other groups, particularly during the fattening period, where
it was significantly higher than the 5, 10, and 15 lx groups (P<0.05). Overall,
for the entire growth stage (weeks 1-6), light intensity had no significant effect
on average feed intake (P>0.05).

Table 3 presents the effects of light intensity on average body weight gain of
Peking ducks at different growth stages. No significant differences in average
body weight gain were observed among groups during the brooding and growing
periods (P>0.05). However, during the fattening period, the 1 Ix group showed
significantly higher average body weight gain than the 5, 10, and 15 Ix groups,
while the 40 Ix group was also significantly higher than the 10 Ix group (P<0.05).
No significant differences were found among groups for the entire growth stage
(weeks 1-6) (P>0.05), though the 1 Ix group consistently showed higher average
body weight gain across all stages, suggesting a trend toward promoting weight
gain under low light intensity.

Table 4 illustrates the effects of light intensity on feed-to-gain ratio of Peking
ducks at different growth stages. Light intensity significantly affected feed-to-
gain ratio for the entire growth stage (weeks 1-6) (P<0.05), with the 10, 15, and
40 1x groups showing significantly higher ratios than the 5 Ix group (P<0.05).
However, no significant differences were observed among groups during each
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individual growth stage (brooding, growing, and fattening periods) (P>0.05).
These results indicate that, for the overall growth stage, a light intensity of 5 Ix
is more beneficial for improving feed conversion efficiency.

2.2 Carcass Performance Indicators

Table 5 shows the effects of light intensity on carcass performance of Peking
ducks. Light intensity had no significant effect on dressing percentage, eviscer-
ated percentage, thigh meat percentage, or abdominal fat percentage (P>0.05).
However, the breast meat percentage of the 5 Ix group was significantly higher
than that of the 40 1x group (P<0.05). Additionally, the 5 1x group showed
higher dressing percentage, eviscerated percentage, and thigh meat percentage
than other groups, while maintaining lower abdominal fat percentage.

Table 6 presents the effects of light intensity on eye development in Peking
ducks. No significant differences were found in eye weight, transverse diameter,
or anteroposterior diameter among groups (P>0.05).

2.3 Meat Quality Indicators

Table 7 shows the effects of light intensity on meat quality of Peking ducks. Light
intensity had no significant effect on pHu, drip loss rate, or b* value (P>0.05).
However, the pHi of the 40 1x group was significantly higher than that of the 5,
10, and 15 Ix groups (P<0.05). In terms of meat color values, the L* value of
the 40 Ix group was significantly lower than that of the 5, 10, and 15 Ix groups
(P<0.05). The 15 Ix group showed the lowest a* value, which was significantly
lower than that of the 1, 5, and 10 Ix groups (P<0.05). The 1 Ix group had the
highest a* value, while the 40 Ix group also showed significantly lower a* value
than the 1 Ix group (P<0.05).

Discussion
3.1 Performance Indicators

Numerous studies have investigated the effects of light intensity on produc-
tion performance in fast-growing poultry, but research has primarily focused on
broiler chickens, with few studies on other species. Even among broiler studies,
results have been inconsistent. Ahmad et al. [9] reported that light intensities
of 5-40 1x showed no significant differences in body weight or feed consumption,
but the 5 Ix group demonstrated significantly better feed conversion ratio than
other groups. Deep et al. [8] also found that light intensities of 1-40 Ix had
no significant effect on broiler weight gain, feed intake, feed-to-gain ratio, or
mortality. Blatchford et al. [16] similarly observed no significant effect of light
intensity on feed intake in white-feathered broilers. In comparisons between
high-intensity groups (100, 150 lx) and low-intensity groups (1, 5 Ix), Charles et
al. [17] found that low-intensity groups showed significantly higher weight gain,
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attributing this to reduced activity and energy expenditure under excessive light
intensity.

This experiment, using incandescent lamps to explore the effects of light inten-
sity on Peking duck performance, found that light intensities of 1-40 lx had
no significant effect on average feed intake or average body weight gain across
the entire growth stage. However, the feed-to-gain ratio of the 5 Ix group was
significantly lower than that of the 10, 15, and 40 Ix groups, reflecting that 5
Ix improves feed conversion efficiency in Peking ducks—consistent with the find-
ings of Ahmad et al. [9]. Other studies have indicated that 5 Ix light intensity is
more conducive to foraging and activity in quality broiler chickens during grow-
ing and fattening periods [18]. Additionally, this experiment found that the 1 1x
group showed significantly higher average feed intake and average body weight
gain during the fattening period compared to the 5, 10, and 15 Ix groups. This
suggests that the effect of light intensity on Peking ducks may have a cumulative
effect, with non-significant impacts during weeks 1-5 that only become apparent
at week 6. Due to the short growth cycle of Peking ducks, light intensity did not
cause significant differences in overall production performance across the entire
growth stage.

3.2 Carcass Performance Indicators

Dressing percentage, eviscerated percentage, breast meat percentage, and thigh
meat percentage are primary indicators for evaluating meat production perfor-
mance, while abdominal fat represents the main fat deposition site, accounting
for approximately 22% of total body fat. Numerous studies have found that
light intensity has no significant effect on carcass performance in white-feathered
broilers and Beijing oil chickens [8, 19-20]. In this experiment, light intensities
of 1-40 1x showed no significant effect on dressing percentage, eviscerated per-
centage, thigh meat percentage, or abdominal fat percentage in Peking ducks.
Notably, the 5 Ix group demonstrated higher dressing percentage, eviscerated
percentage, and thigh meat percentage than other groups, along with lower ab-
dominal fat percentage. Furthermore, the breast meat percentage of the 5 Ix
group was significantly higher than that of the 40 1x group. These results indi-
cate that 5 Ix light intensity offers advantages for carcass performance in Peking
ducks.

Continuous dim lighting can cause morphological changes in eye structure, lead-
ing to retinopathy, enophthalmos, myopia, and blindness [21], possibly because
prolonged light exposure disrupts the growth rhythm of the eyeball, causing
corneal flattening and axial elongation [22]. Blatchford et al. [16] found that
eye weight in the 5 Ix group was significantly greater than in the 50 and 200 Ix
groups, though no significant differences were observed in transverse or antero-
posterior diameters. In turkeys, Siopes et al. [23] found that low-light groups (1,
11 Ix) showed abnormal eye development, with greater eye weight, transverse di-
ameter, and anteroposterior diameter than high-light groups (110, 220 1x). This
experiment found no significant differences in eye weight, transverse diameter,
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or anteroposterior diameter among groups, suggesting that Peking ducks differ
from broiler chickens in light intensity sensitivity and do not exhibit morpho-
logical changes in eye structure.

3.3 Meat Quality Indicators

pH is an important indicator reflecting the rate of muscle glycogen glycolysis
post-slaughter and serves as a criterion for determining meat quality normality
[24]. After slaughter, anaerobic glycolysis of muscle glycogen produces lactic
acid, causing pH to decrease. In this study, the pHi of the 40 Ix group at 1
hour post-slaughter was significantly higher than that of the 5, 10, and 15 Ix
groups, and its pHu at 24 hours was also higher than other groups, though
not significantly. This may be because ducks in the 40 Ix group had higher
activity levels, resulting in greater glycogen consumption for movement and
lower glycogen storage compared to other groups—consistent with the findings
of Hua Dengke [13]. Drip loss rate is commonly used as an indicator of muscle
water-holding capacity, with lower drip loss indicating greater water-holding
capacity. In this experiment, no significant differences were observed in 24-hour
drip loss rate among groups, indicating that light intensities of 1-40 Ix had no
significant effect on muscle water-holding capacity in Peking ducks.

Meat color is measured by L, a, and b* values. The L* value is influenced
by meat color saturation and measurement lighting conditions, the a* value is
affected by myoglobin status and reflects muscle freshness, and the b* value
is influenced by the amount of sulfmyoglobin produced from reactions between
myoglobin and bacterial metabolites [25]. In this experiment, the L* value of the
40 Ix group was significantly lower than that of the 5, 10, and 15 Ix groups, while
the 1 Ix group showed significantly higher a* value than the 15 and 40 Ix groups.
These results indicate that 40 Ix light intensity reduces both L* and a* values
in meat, while low light intensity (1, 5, 10 1x) helps maintain bright red and
fresh meat color. These findings differ from Hua Dengke [13], who reported no
significant effect of light intensity on meat color in Beijing oil chickens, possibly
due to breed differences. Compared with yellow-feathered broilers, Peking ducks
have a shorter growth cycle and faster muscle and fat deposition.

Conclusion

Light intensity does not significantly affect the production performance and
carcass performance of Peking ducks, but 5 Ix light intensity can improve feed
conversion ratio and offers advantages for carcass performance. Low light in-
tensity can also enhance the L* and a* values of meat color. Additionally, low
light intensity effectively saves energy and reduces electricity consumption.
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