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Simple Summary: The high dropping moisture content of chicken feces can impose a serious burden
on poultry production costs and the environment. In the first part of this study, we investigated
the correlations among chicken dropping moisture content, environmental factors, and production
performance. In the second part, we explored whether the addition of three types of additives added
individually could reduce the dropping moisture content. The results showed that the dropping
moisture level was not associated with production performance or any environmental factors at
different locations at the same henhouse height. The probiotic additive (active yeast) significantly
reduced the dropping moisture rate. These findings can improve strategies for dealing with high
dropping moisture levels and contribute to the enhancement of chicken production.

Abstract: Dropping moisture (DM) refers to the water content in feces. High DM negatively affects
poultry production, environment, production costs, and animal health. Heredity, nutrition, envi-
ronment, and disease may affect DM level. DM has medium inheritability and is related to cage
height in henhouses. We examined the relationship among DM level, production performance, and
environmental factors at different locations at the same henhouse height and effects of three types
of additives. We measured the correlation between environmental factors including temperature,
humidity, CO, concentration, absolute pressure, and DM levels and laying performance of 934 Rhode
Island Red hens. DM level was not significantly associated with environmental factors or production
performance. We divided 64 persistently high DM hens into control and treatment groups supplied
with different additives (probiotics, anisodamine, and antibiotics). DM levels, laying performance,
egg quality, and serum biochemical indices were determined. Compared with the control and an-
tibiotics, probiotics significantly reduced DM levels and eggshell strength while improving yolk
color but did not significantly affect production performance. The additives reduced the b value of
eggshell color; compared with probiotics, anisodamine decreased serum globulin levels. Exogenous
active yeast supplementation can significantly reduce DM levels.

Keywords: egg layers; dropping moisture; feed additives; production performance; egg quality;
yeast supplementation; chicken feces

1. Introduction

Dropping moisture (DM) commonly refers to the water content in feces, and DM
content is generally higher in poultry than in other animals because of their short digestive
tract and the mixture of feces and urine excreted through the cloaca [1]. Furthermore, high
DM content in feces exerts adverse effects on the health and economic benefits of laying
hens. High DM content can be attributed to pathogenic and non-pathogenic elements.
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Pathogenic high DM can be caused by infections due to viruses (such as astrovirus, coro-
naviruses, and Marek’s virus) [2—4], bacteria (such as Escherichia coli) [5], or fungi (such
as Candida sp. and Aspergillus sp.) [6]. Non-pathogenic high DM is usually related to
genetics [1] or changes in the environment or diet [7,8].

As live microorganisms, probiotics are considered to exert beneficial effects on the
host [9]. Studies showed that yeast supplementation can enhance the immune functions
of breeder laying hens [10], improve intestinal digestive enzyme activities, and improve
the performance of aged layers [11]. In addition, there is evidence that the administration
of yeast can protect humans and animals from diarrhea prophylactically and therapeu-
tically [12,13]. Anisodamine is a non-specific cholinergic antagonist that inhibits gland
secretion. It can effectively relieve pain and vasospasm, improve blood circulation, and
block the M receptor, thus suppressing the movement of gastrointestinal (GI) smooth mus-
cles; this prolongs the residence time of chyme in the intestinal tract and improves water
reabsorption efficiency [14]. Oregano phenol is an essential oil extracted from oregano
plants and is mainly composed of thymol and carvacrol. It has been well documented to
have bacteriostatic activities against some Gram-negative and Gram-positive bacteria [15]
as well as antioxidant properties [16]. Owing to their characteristics, these additives can be
beneficial in promoting production performance and animal health [17,18].

Our previous study showed that DM is a medium-inheritable trait and DM level
is related to cage height in henhouses [1]. Therefore, we speculated whether there were
differences in DM levels at different locations at the same henhouse cage height. To
further explore the mechanism underlying high DM content, we detected the correlation
among DM level, environmental factors at different locations at the same henhouse height,
and production performance and expected to alleviate this high DM state effectively via
treatment with different additives.

2. Materials and Methods

This study was approved by the Animal Care and Use Committee of China Agricul-
tural University (permit number: AW30601202-1-1).

2.1. DM Level Phenotyping

To exclude high DM content caused by common infections due to Salmonella Pullorum
(SP) and avian leukosis virus (ALV), SP antibody and ALV p27 antigen titers were obtained
to ensure that the hens were free of infection by these pathogens. DM levels in feces were
graded according to a previously published study [1]. Briefly, the DM level was identified
by appearance and subjectively divided into four grades (1-4), each corresponding to the
water content of the feces (i.e., normal, slight, medium, and severe, respectively). In this
study, DM levels 3—4 were defined as high DM and levels 1-2 were defined as low DM
(normal water content).

2.2. Hens, Feed, and Management

A total of 934 Rhode Island Red hens (age: 30 weeks) were raised in the third level
of H-type cages. The cage density was one hen per cage. The henhouse was 71-m long,
10.5-m wide, and 2.8-m high with a north-south orientation. Feed and water were provided
ad libitum, with a photoperiod of 16 h:8 h (light:dark).

We then selected 64 Rhode Island Red hens on the same tier with high DM levels
(levels 3 and 4) by 7 d pre-recording and randomly divided them into four groups of 16 hens
each which were then housed individually in single cages, thus resulting in 16 replicate
per treatment. Except for the control group (administered only water), we treated the
other three groups with different additives, including anisodamine (water with 2.5 mg/mL
anisodamine), probiotics (water with 0.05 g/mL probiotics), and antibiotics (water with
0.0125 mL/mL fungicide). After 7 d of adaptation, all hens were treated with 1 mL of
each of the three additives by oral gavage at 9:00 a.m. and 2:00 p.m. for the next 14 d at
a layer breeding company (Hebei, China). No exogenous antibiotics were administered
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during the entire trial period. The basal diets mainly comprised maize and soybean meal,
and formulated in accordance with the nutrient requirements of laying hens of China
(NY/T33-2004) (Table 1). The main ingredient of probiotics (ZHUHAI WANFUKANG
BIOTECHNOLOGY Co. Ltd. Guangdong, China) was an active dry yeast at >2 billion/g.
One liter of fungicide (HEBEI GUANTONG BIOLOGY Co. Ltd. Hebei, China) was
composed of 1000 mg oregano phenol, 10000 U glucose oxidase, and 500 mg copper sulfate.
Anisodamine was obtained from HENAN RUIPUZHIYAO Co. Ltd. Henan, China.

Table 1. Ingredients and nutrient composition of basal diet.

Ingredients Percent Nutrient Level P Percent
Corn (CP 8.3%) 64.0 ME (M]/Kg) 16.01
Soybean meal (CP 44.0%) 19.8 CP (%) 16.04
Soybean oil 0.7 CF (%) 324
Wheat bran 3.0 Methionine (%) 0.24
Limestone 9.5 Lysine (%) 0.70
Calcium hydrogen phosphate 1.00 Calcium (%) 3.49
Sodium chloride 0.30 Total P (%) 0.32
DL-Methionine (98%) 0.10

L-Lysine HCL (78%) 0.07

Vitamin premix ? 0.03

Mineral premix b 0.20

Choline chloride (50%) 0.15

Phytase 0.02

NSP enzyme 0.02

Total 100.0

Note: ? Supplied per kilogram of diet: vitamin A, 13,500 IU; vitamin D3, 4500 IU; vitamin E, 75 IU; vitamin
K3, 3.6 mg; vitamin B1, 3.0 mg; vitamin B2, 9.24 mg; vitamin B6, 6.0 mg; nicotinic acid, 66 mg; pantothenic
acid, 16.8 mg; biotin, 0.54 mg; folic acid, 2.10 mg; vitamin B12, 0.03 mg; vitamin C, 135 mg; choline, 675 mg;
ethoxyquinoline, 15 mg; b Mineral premix provided per kilogram of complete diet: iron, 80 mg; copper, 10 mg;
manganese, 100 mg; zinc, 100 mg; iodine, 0.35 mg; selenium, 0.30 mg; b ME, CP, and CF were measured values,
and the other nutrients were calculated values.

2.3. Sample Collection and Measurements
2.3.1. Environmental Indicators

In the henhouse, there were four rows with six test sites each, and five groups of
40 hens were housed between two test sites (1.2-m above the ground). The east side of
the henhouse was equipped with five exhaust fans and provided with negative-pressure
ventilation (Figure 1).

.

S ) S s i
I ) o o [
poultry exhaust fan_,|

weteurtain | T T T T+ T T T T+ T T T T T T T T T T T T T T LtTTTT],
D 5

v |

environmental monitoring point

1

«enirance

operation room «— | every square represents 8 single cages

Figure 1. Schematic diagram of environmental indicators test points. The hollow dots represent

test points.

A Testo 480 multi-function measuring instrument (BEIJING AOUDE EQUIPMENT Co.
Ltd. Beijing, China) was used to measure environmental indicators, including temperature,
humidity, CO; level, and absolute pressure. The measurements were obtained at 3:00 p.m.,
and the value was recorded after approximately 5 s. Environmental monitoring was
performed once a week for a total of three times, two times at each test site, and the average
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value was taken as the environmental indicator of the test site. At the same time, the
DM level between each of the two monitoring points was determined (normal DM was
recorded as 0; high DM as 1), and the correlation between environmental indicators of each
test site and the corresponding DM level was calculated.

2.3.2. Production Performance

Because hens had a high DM level before starting production and the start production
indicators of hens (age, body weight, and weight of the first egg) can have a significant
impact on the subsequent production performance, we collected their starting production
indicators. Production performance (average egg-laying rate) was evaluated, and qualified
eggs during the formal trial were collected. Spearman’s correlation was calculated with
DM levels of all 934 Rhode Island Red hens.

The number of eggs laid, abnormal and broken eggs, and double yolk eggs was
recorded, and the DM level of each layer was recorded daily for the selected 64 high DM
hens that were treated with different additives. Hens were weighed at the beginning and
end of the additive treatments.

2.3.3. Egg Quality

For the 64 hens, on days 19-21, 10 eggs per treatment were collected daily to measure
egg quality traits. Egg weight was measured using an electronic scale, and the egg index
(length /breath) was measured using an egg-shaped index tester. Eggshell color (L*, a*,
b*—L* represents brightness, a* includes colors ranging from dark green to bright pink, b*
goes from blue to yellow) was measured using an eggshell color tester (Konicaminolta CM-
2600d, Tokyo, Japan), and eggshell strength was measured using a quasi-static compression
device (Robotmation, Tokyo, Japan). Finally, albumen height, yolk color, and Haugh
units were measured using an automatic egg quality analysis instrument (Robotmation
EMT-5200, Tokyo, Japan).

2.3.4. Blood Biochemical Parameters

At the end of the experiment, eight laying hens per treatment were randomly selected
to provide blood samples from the wing vein. Vacutainer blood tubes containing the blood
were placed in a slanted position at room temperature for 4 h, and then, the tubes were cen-
trifuged at 3500 rpm for 10 min. The serum was transferred to 2 mL sterile centrifuge tubes
and stored at —20 °C until blood biochemical analysis. Serum total protein, albumin (ALB),
globulin (GLB), albumin/globulin (A/G), interferon y (IFNy), potassium (K), sodium (Na),
chlorine (Cl), calcium (Ca), magnesium (Mg), and phosphorus (P) levels were measured
using commercial kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).

2.4. Statistical Analysis

All graphs were plotted and data analyses were performed using R software (version
4.0.2) and SPSS software (version 24.0; SPSS Inc., Chicago, IL, USA). Results are expressed
as the mean and standard error. One-way analysis of variance was performed when data
conformed to homogeneity of variance and normal distribution; otherwise, the nonpara-
metric Wilcoxon rank sum test was performed. Differences were considered significant
atp <0.05.

3. Results and Discussion
3.1. Correlation between DM Level, Rearing Environment, and Production Performance

In the process of analyzing the environmental indicators at different henhouse loca-
tions at the same cage height, we found no significant correlation between DM level and
environmental indicators. As expected, humidity was significantly negatively correlated
with temperature (r = —0.35) but positively correlated with CO, concentration (r = 0.67).
The absolute pressure was significantly negatively correlated with humidity (r = —0.44)
and CO, concentration (r = —0.6), whereas it was positively correlated with temperature
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(r = 0.44) in the henhouse (Figure 2). Previous studies showed that occurrence of seasonal
diarrhea can be significantly affected by climatic factors in susceptible populations [19,20].
High temperature increases the probability of diarrhea by prolonging the survival time
of bacteria, such as E. coli in contaminated food, and changing behavior patterns, such
as increasing water consumption and deteriorating sanitary conditions [21], thus leading
to increased intestinal permeability and local inflammation [22]. These results indicate
that temperature and humidity can affect DM levels. However, our results showed that
there was no significant correlation between high DM level and environmental indicators,
suggesting that environmental differences at different henhouse locations at the same cage
height were not sufficient to cause differences in the distribution of DM.

Carbon dioxide

Humidity 0.67

Temperature 0.16 t0.35

Absolute pressure -0.6 -0.44{ 0.44

DMlevel — —-0.27 =-0.25 -=0.08 0.09

- |
-1 —-0.8-0.6-04-02 0 02 04 06 08 1

Figure 2. The correlation of high DM level and environmental indicators. Blank background color
indicates not significant. The darker the color, the greater the correlation.

The relationship between DM level and production performance is presented in
Figure 3. In our study, only the correlation coefficient between the first egg weight and the
hen’s age at the first egg was significant (r = 0.46), whereas all others were not significant.
High DM level is usually considered to be caused by bacterial and viral infections and is
closely related to reduced production performance and depression [23]. Wang et al. [24]
found that high DM level caused by Salmonella infection for 4 weeks exerted adverse
effects on egg production, feed intake, and feed efficiency in laying hens. Harmful bacteria
can also attach and colonize the intestinal mucosa, produce toxins that directly affect
intestinal health, and negatively affect the performance of the host [25]. Furthermore, E. coli
causes high DM levels in chickens, increased diet consumption, weight loss, and increased
mortality, leading to serious damage to the poultry industry [26]. Previous research showed
that common high DM levels can exert adverse effects on animal production performance,
organismal health, and mental states. However, in the current study, we found that high
DM level was not significantly associated with indexes related to egg production or laying
performance. Therefore, we speculated that this high DM level in layers is caused by the
insufficiency of water absorption by the epithelial cells of the intestine in the hindgut and
did not affect the digestion and absorption of feed nutrients in the foregut.
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Age (start production) .
body Weight (start production) - —0.33 .
egg weight (start production) - |0.46| 0.33 .
Average egg laying rate - —=0.25 0.1 -0.13 .
Average qualified eggs - 0.04  0.27 | 0.16  0.12 .
DMlevel - 0.3 -0.11 -0.06 0.14 -0.04 .
.

o
-1 —0.8-0.6-04-02 0 0.2 04 06 08 1

Figure 3. The correlation of high DM level and production performance. Blank background color
indicates not significant. The darker the color, the greater the correlation.

3.2. Effects of Treatment with Different Additives on High DM Levels

To investigate the factors that may contribute to high DM levels, layers with high
DM levels within 7 d were included in this experiment, and three different additives were
administered to explore the factors that may affect high DM levels. The results showed
that compared with the control and antibiotics, probiotics significantly reduced the high
DM level (Table 2; p < 0.05); however, no significant differences in indexes of laying rate,
qualified-egg rate, and body weight were observed among the different groups. Numerous
studies showed that yeast can improve the richness and evenness of intestinal microbiota
and promote production performance and gut health [27,28]. Several previous studies
demonstrated that yeast can improve the abundance of Lactfobacillus in the gut, which
can improve the level of intestinal mucosal immunity and reduce intestinal inflammatory
response by regulating the intestinal flora, thereby alleviating DM symptoms [29-31]. As
reported previously, anisodamine has been widely used to relieve intestinal, microvascular,
and airway smooth muscle spasms and effectively inhibit smooth muscle contractility, GI
and sweat secretion [14]. When anisodamine was administered alone, it was shown to
inhibit intestinal propulsion and minimize diarrhea [32]. However, the results of this ex-
periment are inconsistent with previous findings. Anisodamine did not show a statistically
significant effect on relieving high DM levels in the layers, suggesting that high DM level
was not associated with excessive gut peristalsis. The prolonged residence time of chyme
through the intestinal tract did not increase water absorption, suggesting that the intestinal
epithelial cells of hens may be dysfunctional, thereby reducing water absorption capacity,
which can result in a high DM level. Thymol nanoemulsion, which is the main active ingre-
dient of oregano phenol, has anti-bacterial and anti-inflammatory efficacy and enhances
the stability and absorbability of the GI tract [33]. It has been reported that thymol na-
noemulsion supplementation to the diet of Salmonella-infected broilers can enhance growth
performance, improve the microbial composition of the cecum, and reduce Salmonella
damage to the cecum and liver tissue [34]. Nevertheless, in our study, we did not observe
a decrease in high DM levels and improved production performance by adding thymol
nanoemulsion, which indicated that high DM may not be relevant to pathogen infection.
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Table 2. The effects of different additives on the production performance and DM level of layers.

Egg-Laying Rate Qualified Egg Initial Body Final Body High DM Level

(%) Rate (%) Weight (g) Weight (g) (%)

Control group

Anisodamine group
Probiotics group

Antibacterial gro
SEM
p Value

up

97.27 99.70 2073.87 2060.67 0.95°
95.76 100.00 2068.93 2067.33 0.86 2P
95.13 99.32 2056.40 2036.27 0.852
96.97 99.08 2062.27 2062.20 093P
0.57 0.22 13.47 16.09 0.02
0.65 0.28 0.97 0.91 0.03

Note: *® Means traits across a column with different superscripts are significantly different (p < 0.05).

In parallel, egg quality traits were tested, and the results showed that probiotics
significantly enhanced yolk color (Table 3; p < 0.05). On one hand, fat-soluble pigments in
the egg yolk mainly come from diets, such as corn and corn gluten meal, and are absorbed
through the intestinal tract and eventually deposited into the egg yolk [35]. Previous
studies demonstrated that probiotics can increase the nutrient absorption and utilization by
promoting the growth of non-pathogenic facultative anaerobic bacteria while inhibiting the
proliferation of intestinal pathogens such as E. coli and Salmonella [36,37] thereby improving
lutein deposition in the egg yolk. On the other hand, yeast fermentation products are rich
in carotenoids, which can contribute to the enhancement of yolk color [38]. Interestingly,
compared with the other groups, the probiotics group showed decreased eggshell strength
(p < 0.05). In previous studies, yeast was usually added to the feed, which the chickens
consumed and digested slowly [11,29]. However, in this study, yeast was dissolved in
water and administered by gavage at two fixed times on each day. This may have resulted
in a competitive absorption relationship between the minerals contained in yeast and
dietary calcium, leading to a decrease in eggshell strength.

Table 3. Effects of different additives on egg quality of high DM layers.

Egg

Weight, g Index Strength, kg/cm?

Albumen
Shape Eggshell Height, Yolk Color I_lIﬁ‘ul%sh

mm

L* a* b*

Control group
Anisodamine group
Probiotics group

Antibacterial group
SEM
P

58.87
60.62
59.42
60.78

0.368
0.18

1.27 3.884 7.89 7.06° 89.06 58.82 18.62 34.34°?
1.27 3.772 7.90 7.112b 88.87 59.94 1826 3281P
1.28 3.33b 8.08 7.452 90.13 60.84 1751 3264P
1.28 3794 8.15 7.39 a¢ 90.05 59.62 18.01  32.28P

0.003 0.066 0.073 0.063 0.398 0315 0.184 0.238
0.51 0.03 0.61 0.03 0.76 0.36 0.28 <0.01

Note: *> Means traits across a column with different superscripts are significantly different (p < 0.05).

Serum biochemical indices can reflect changes in tissue cell permeability and metabolic
function of the body, which is a sensitive index reflecting the state of the animals’ health [39].
In this study, we found that compared with the probiotics group, the anisodamine group
showed a decrease in the levels of GLB, and the remaining indexes did not present signifi-
cant differences (Table 4). Similar to the findings of previous reports, yeast can significantly
increase the level of serum GLB [40,41]. In contrast, Patane and Premavalli [42] found that
adding different levels of yeast did not affect serum GLB level, which is possibly because of
the different breeds of chickens and feeding approach. Additionally, serum GLB levels are
associated with the immune ability of the body. The A /G ratio is significantly associated
with chronic inflammation [43]. Generally, high DM levels occur as a result of an imbalance
in the absorption and secretion of ions and solutes in intestinal epithelial cells, accompanied
by altered water transport [44]. Inflammatory DM can trigger the production of immune
cell products, including IFNYy, which regulates ion transporters. Ca>* and cyclic AMP can
drive CI™ secretion, and water moves into the lumen, resulting in high DM levels [45].
William et al. [46] reported that DM caused by bacterial infection can activate cellular C1~
channels and inhibit Na*/H* exchanger 3, leading to a decrease in the absorption of C1~
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and Na*. However, in the current study, we found that IFNy and other ions such as C1~,
Ca?*, and Na* in the serum exhibited no significant difference among the groups. This
may be because electrolyte imbalances in the hindgut segment were not present in the
serum. Further investigations are warranted on electrolyte and ion metabolism in specific
intestinal segments to further elucidate the complex causes of high DM levels.

Table 4. Effects of different additives on serum biochemical parameters of high DM layers.

Probiotics Antibacterial

Item Control Group  Anisodamine Group Group Group SEM p-Value
TP (g/L) 48.99 41.84 49.26 45.05 1.29 0.126
ALB (g/L) 20.16 17.85 20.46 19.21 0.44 0.152
GLB (g/L) 28.83 23.99 29.34 25.84 0.87 0.091
A/G 0.71 0.75 0.71 0.75 0.01 0.290
IFNY (pg/mL) 13.76 25.09 11.98 16.91 2.95 0.423
K (mmol/L) 7.38 7.50 8.23 7.84 0.21 0.481
Na (mmol/L) 140.23 140.38 140.91 140.24 0.14 0.282
Cl (mmol/L) 114.11 108.91 115.44 110.39 1.10 0.115
Ca (mmol/L) 4.36 3.88 447 4.20 0.10 0.160
Mg (mmol/L) 1.10 1.04 1.14 1.07 0.03 0.573
P (mmol/L) 1.68 1.54 1.66 1.55 0.06 0.797
4. Conclusions
High DM levels were not significantly associated with production performance and
environmental factors at different locations in the same cage height. Antibacterial agents
and anisodamine did not significantly reduce the DM levels. Probiotics can significantly
alleviate high DM levels in breeder layers; however, the specific mechanism remains to be
further explored.
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