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ABSTRACT - The objective of this study was to evaluate the effects of replacing
choline chloride with a plant source of choline on the locomotor system, liver
health, and development of breast myopathies in broilers aged 1-42 days of age. We
allocated 1,120 one-day-old Cobb broilers to four treatment groups and fed them
commercial diets based on corn and soybean meal. The treatments included choline
in the form of 1,800.00 mg/kg choline chloride; 1,350.00 mg/kg choline chloride
+ 450.00 mg/kg herbal choline; 900.00 mg/kg choline chloride + 900.00 mg/kg
herbal choline; and 1,000.00 mg/kg herbal choline. Each treatment group had eight
replications. Throughout the experiment, gait score, footpad dermatitis, hock burn,
and leg deformities (valgus and varus) were evaluated in the birds at 28 and 35 days
of age. After slaughter, parameters such as breast myopathies, tibial dyschondroplasia
score, and histological slides of the pectoral muscle, liver, and proximal tibial epiphysis
were assessed. The results demonstrated good hepatic and locomotor health in the
broilers, as no classical signs of choline deficiency were observed. Statistical analyses
indicated no significant differences between treatments in terms of liver and locomotor
health, suggesting that broilers fed diets supplemented with the plant source did not
experience choline deficiency. Additionally, no statistically significant differences were
found between treatments regarding breast myopathies. Overall, the tested choline
plant source can effectively replace choline chloride in broiler diets.

Keywords: footpad dermatitis, histological analysis, liver, pectoral muscle, tibial
dyschondroplasia

1. Introduction

Choline, an essential nutrient for broilers, is not adequately produced endogenously during the early
weeks of life (Saeed et al., 2017; de Lima et al., 2018). It plays crucial roles in lipid transport in the
liver, methyl group donation, acetylcholine neurotransmitter production, hepatic lipid transport, and
bone cartilage maturation (Zhang et al., 2013; Calderano et al,, 2015; Igwe et al,, 2015). The latter two
are crucial as the first indicators of choline deficiency (Farina et al.,, 2017). Its significance in hepatic
lipid transport stems from its involvement in phosphatidylcholine synthesis, which forms membranes
of cholesterol-carrying lipoproteins (high-density lipoprotein, low-density lipoprotein [LDL], and very
low-density lipoprotein). This process directly affects fat deposition in the liver and body of birds

(Khose, 2019).
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Choline deficiency in diets leads to a reduction in cancellous and cortical bone tissue, due to the
interaction of lecithin, a form of choline, with peroxisome proliferator-activated receptor (PPAR) a
and PPARY. These receptors play a protective role in regulating bone metabolism (Zhang et al., 2021).
Tibial dyschondroplasia and hepatic steatosis are the initial signs observed when birds are deficient in
choline (Ferguson et al., 1978; Lima, 2012).

Choline chloride, a synthetic compound with high hygroscopicity, is commonly used as a choline
supplement. However, this property poses challenges in handling and storage and can result in the
loss of other diet nutrients, such as vitamins and amino acids, due to its water-absorption potential
(Farina et al.,, 2017). To address these practical issues, several studies have explored alternative
sources, particularly plant-based ones rich in phosphatidylcholine (Calderano et al., 2015; Dematté
Filho et al., 2015; Khosravinia et al., 2015; Farina et al.,, 2017; Khose, 2019).

Plant sources of choline offer the advantage of meeting broilers’ needs with smaller inclusions
(Farina et al., 2017). Commercially used plant sources often recommend using three to five times less
raw material compared with choline chloride. Moreover, they have shown additional benefits such
as reducing serum LDL levels, along with the inclusion of medicinal plants such as Ocimum sanctum,
known for their antioxidant properties (Kelm et al., 2000; Dias et al., 2022).

Against this backdrop, this study evaluated the effects of replacing choline chloride with a new plant
source of choline. The objective was to evaluate indicators of choline deficiency in the locomotor
system and liver, as well as potential effects on fat deposition in broilers’ breast muscles.

2. Material and Methods

The experiment was conducted in Goiania, GO, Brazil (16°35'39.4" S latitude and 49°17'13.7" W longitude),
from March to May 2020. All procedures were conducted following the institutional Animal Ethics
Committee Registration Protocol (case number 101/19).

The study involved 1,120 one-day-old Cobb 500® male broiler chicks with an average initial body
weight of 42 g, obtained from a commercial hatchery (Sdo Salvador Alimentos S/A, Itaberai, GO, Brazil).
A completely randomized design was utilized with four treatments and eight replicates, resulting in
32 experimental units, each containing 35 birds. The treatments included: control = 1,800.00 mg/kg
choline in the form of choline chloride (Ch-Chl; 60% content); 1,350.00 mg/kg Ch-Chl + 450.00 mg/kg
herbal choline (Ch-H) as the choline source; 900.00 mg/kg Ch-Chl + 900.00 mg/kg Ch-H as the choline
source; and 1,000.00 mg/kg Ch-H as the choline source.

All diets were formulated using corn and soybean meal, and the commercial nutrient levels were
employed for the respective rearing phases: pre-starter (1 to 7 days), starter (8 to 21 days), grower
(22 to 35 days), and finisher (36 to 42 days). The diets were in mash form and were isonutritive (Table 1).
Each treatment contained the respective choline sources as follows: control (100) = 1,800.00 mg/kg
choline chloride; Ch-Chl + Ch-H (75/25) = 1,350.00 mg/kg + 450.00 mg/kg; Ch-Chl + Ch-H (50/50) =
900.00 mg/kg + 900.00 mg/kg; and herbal choline (100) = 1,000.00 mg/kg, with the inert ingredient
(corn starch) being replaced in the diet. The herbal choline comprised Ocimum sanctum, Andrographis
paniculata, Silybum marianum, Glycine max, and Azadirachta indica, while the choline chloride
contained 60% choline chloride. The choline sources were added to the diets to replace corn starch
and achieve the intended content of 1,800.00 mg/kg choline in the treatments.

To evaluate the incidence of locomotor system problems, myopathies, and hepatic metabolism, the
following analyses were performed:

Gait scoring, valgus, and varus

Gait scoring was evaluated at 28 and 35 days, with 10 birds selected from five replicates per treatment,
totaling 50 birds per treatment. We followed the method proposed by Stamp Dawkins et al. (2004),
which involves observing the birds’ gait on a 1-m path and assigning scores from 0 to 2 (0 = normal;
1 = slight difficulty in locomotion; 2 = severe difficulty in walking). Valgus and varus were analyzed
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Table 1 - Experimental diet composition for pre-starter (1 to 7 days), starter (8 to 21 days), grower (22 to 35 days),
and finisher (36 to 42 days) phases

Ingredient (g/kg) Pre-starter Starter Grower Finisher
Corn 581.80 627.40 655.00 761.9
Soybean meal 344.80 293.00 269.10 145.8
Meat and bone meal - - - 10.0
Offal meal 34.00 44.67 22.00 30.00
Feather meal - - - 24.67
Bird fat 5.33 6.00 19.33 5.33
Limestone 12.41 10.91 12.33 8.60
Salt 3.19 3.09 3.36 2.80
Sodium bicarbonate 0.81 0.07 - -
Monocalcium phosphate 431 2.13 6.80 -
DL-methionine 3.49 3.01 2.69 1.89
L-lysine 3.90 3.67 3.93 5.19
L-threonine 1.20 1.00 1.01 0.83
Enramycin 0.03 0.05 0.05 0.03
Nicarbazin - 0.50 - -
Salinomycin - - 0.30 -
Adsorbent 1.80 1.50 1.20 -
Phytase 0.15 0.15 0.11 0.14
Antioxidant 0.04 0.04 0.04 0.04
Vitamin premix! 0.50 0.50 0.50 0.50
Mineral premix? 0.50 0.50 0.50 0.50
Choline 1.80 1.80 1.80 1.80
1000.00 1000.00 1000.00 1000.00

! Vitamin supplement (PX Vitaminico Frango SSA) provides the following per kilogram of diet: pre-starter/starter: vitamin A, 22,000,000 1U/kg;
vitamin D3, 8,000,000 1U/kg; vitamin E, 80,000 1U/kg; vitamin K3, 6,000 mg/kg; vitamin B1, 5,000 mg/kg; vitamin B2, 15 g/kg; vitamin B6,
8,000 mg/kg; vitamin B12, 40,000 mcg/kg; vitamin, B5, 32 g/kg; vitamin B3, 100 g/kg; folic acid, 3,200 mg/kg; biotin, 300 mg/kg; selenium,
1,000 mg/kg. Grower: vitamin A, 10,000,000 IU/kg; vitamin D3, 4,000,000 IU/kg; vitamin E, 50,000 IU/kg; vitamin K3, 6,000 mg/kg; vitamin B1,
4,000 mg/kg; vitamin B2, 12 g/kg; vitamin B6, 8,000 mg/kg; vitamin B12, 40,000 mcg/kg; vitamin B5, 37 g/kg; vitamin B3, 36 g/kg; folic acid,
2,000 mg/kg; biotin, 200 mg/kg; selenium, 800 mg/kg. Finisher: vitamin A, 10,000,000 IU/kg; vitamin D3, 4,000,000 IU/kg; vitamin E, 20,000 IU/kg;
vitamin K3, 4,000 mg/kg; vitamin B1, 3,000 mg/kg; vitamin B2, 8,000 mg/kg; vitamin B6, 4,000 mg/kg; vitamin B12, 20.000 mcg/kg; vitamin B5,
19 g/kg; vitamin B3, 40 g/kg; folic acid, 1,400 mg/kg; biotin, 150 mg/kg; selenium, 500 mg/kg.

2 Mineral supplement (PX Micro mineral Frango SSA) provides the following minerals per kilogram of diet: manganese, 150 g/kg; zinc, 140 g/kg;
iron, 100 g/kg; copper, 20 g/kg; iodine, 2,000 mg/kg.

simultaneously with gait scoring (at 28 and 35 days). Birds were held from behind and had their legs
stretched to measure the angle of the legs. Negative angles between the tibia and the third finger
indicated varus, while positive angles indicated valgus (Almeida Paz et al., 2010).

Footpad dermatitis and hock burn

Locomotor problems were assessed based on gait scoring, hock burn, footpad dermatitis, valgus, and
varus in birds at 28 and 35 days of age. The condition of both footpads was observed, and lesions
were measured using a millimeter ruler. Lesion severity was scored on a scale from 0 to 3 (0 = healthy
foot pad region; 1 = lesions with a diameter of up to 5 mm; 2 = lesions with a diameter greater than
5 mm; 3 = lesions with a diameter greater than 5 mm and presence of an exposed wound). Similar
criteria were adopted for hock burn evaluation, and a scale from 0 to 3 was used based on lesion size
(0 = no lesion (normal); 1 = small lesion; 2 = large lesion without hemorrhage; 3 = large lesion with
hemorrhage) (Almeida Paz et al., 2010).

Liver and muscle histological analysis

For histological analysis, 32 birds were selected and slaughtered at 42 days of age. Liver, breast,
drumstick, and thigh samples were collected and placed in labeled containers with 10% buffered
formalin solution. For the breast muscle tissue (Pectoralis major), sampling was performed following
the method proposed by Soglia et al. (2017) on the left side of the breast.
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To assess the incidence of tibial dyschondroplasia, two analyses were conducted. Firstly, a visual
inspection was performed during the preparation of histological slides after making the tibial cross-
section. Scores ranging from 0 to 3 were assigned using the method of Rowland and Edwards (1999).
After classification, the samples were collected and stored in labeled containers with formalin to
preserve the tissues for slide preparation.

Liver tissue slides were examined for the following characteristics: trabecular pattern (normal or
altered), inflammation (graded from 0 to 3), degradation (graded from 0 to 3), necrosis (graded from
0 to 3), congestion (graded from 0 to 3), and sinusoidal vessels (normal or enlarged).

Breast tissue slides were analyzed for the following traits: accumulation of adipose tissue (graded
from 0 to 3), inflammation (graded from 0 to 3), degradation (graded from 0 to 3), necrosis (graded
from 0 to 3), connective tissue (graded from 0 to 3), and presence of edema (graded from 0 to 3).

For the histological analysis of bone tissue from the tibia, three distinct regions were considered and
characterized based on their morphological appearance: the resting zone, proliferating cartilage zone,
and hypertrophic cartilage zone. The calcified cartilage zone was used as the lower limit to determine
the thickening of the hypertrophic zone in lesion characterization, following the method proposed
by Thorp et al. (1995). On the other hand, the method of Oviedo-Rondén et al. (2001) was used to
determine the cartilage zones from the histological section of the longitudinal profile of the tibia.

Myopathy analysis

To analyze myopathies in the broilers’ breast muscle (Pectoralis major), the entire breast section
used for visual-tactile analysis was separated from the carcasses of the 32 chickens slaughtered at
42 days of age.

White striping was evaluated following the method described by Kuttappan et al. (2012), which assigns
scores from 0 to 3. A score of 0 represents a normal condition, while scores 1, 2, and 3 indicate the
presence of smaller than 2 mm, larger than 2 mm, or fatty deposits in the stripping, respectively.

The wooden breast was analyzed according to Tijare et al. (2016) and Petracci et al. (2019). It involved
assigning scores on a scale of 0 to 4: 0 for a normal condition, 1 for light hardening (less than 40%
hardening in the cranial region of the breast), 2 for moderate hardening (between 40 and 80%
hardening in the cranial region), 3 for severe hardening (total hardening), and 4 for extreme hardening
(total hardening with the presence of hemorrhagic regions).

Finally, for other myopathies, such as cranial dorsal myopathy, deep pectoral myopathy, and spaghetti
meat (unstructured meat), we employed the presence/absence analysis method. These myopathies
were evaluated based on their presence or absence without assigning specific scores.

2.1. Statistical analysis

After checking the normality of residuals and assessing the homogeneity of variances of the data, we
conducted a non-parametric Kruskal-Walli analysis. To compare means for each variable, we used the
Scott-Knott test with a significance level of 5%. These analyses were carried out using the easyanova,
ExpDes.pt, and ANOVA packages of the R-code statistical software (version 4.0) (Arnhold, 2013;
Ferreira et al., 2014).

3. Results

The analyses revealed a significant statistical difference only for valgus (positive leg angle) at 28 days
(P =0.025; Table 2). The highest incidence of valgus was observed in the left leg of birds that were fed
treatments containing only herbal choline or a combination of 75% choline chloride and 25% herbal
choline. However, there were no significant differences (P>0.05) observed for the other variables.

Pectoral myopathies, such as wooden breasts, white striping, and spaghetti meat, were detected.
However, the treatments did not have a statistically significant effect (P>0.05) on the incidence
of these disorders (Table 3). Similarly, in the histological slides of the breast muscle, no statistical
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differences (P>0.05) were found for any of the analyzed variables (Table 4). No statistical differences
were detected in the other histological analyzes (P>0.05), both for the proliferating cartilage zone,
hypertrophic cartilage zone, and total area of the proximal epiphysis of the tibia (Table 5), and for the
histological evaluation of the liver tissue slides (Table 6).

Table 2 - Median scores and percentage relative to the median count for gait scoring (GS), footpad dermatitis
(FPD), hock burn (HB), and valgus and varus in the right (R) and left (L) legs of broilers fed different
sources of choline at 28 and 35 days of age

Valgus Varus
Treatment! GS FPD HB
R L? R L

28 days
Ch-Chl 0(76) 0(62) 1(56) A (82) A92)a A (100) A (100)
Ch-Chl + Ch-H (75/25) 0(68) 0(52) 1(42) A (80) A(68)b A (100) A (100)
Ch-Chl + Ch-H (50/50) 0(72) 0(62) 1(52) A (80) A(82)a A (100) A (100)
Ch-H 0 (66) 0(62) 1(56) A (64) A(76)b A (96) A (100)
P-value 0.728 0.552 0.246 0.123 0.025 0.111 -

35 days
Ch-Chl 0 (86) 1(66) 1(56) P (80) A (82) A (98) A (100)
Ch-Chl + Ch-H (75/25) 0(80) 1(64) 1(56) P (84) A (78) A (98) A (100)
Ch-Chl + Ch-H (50/50) 0 (84) 1(62) 1(60) P (88) A (92) A (96) A (100)
Ch-H 0(76) 1(68) 1 (66) P (88) A (76) A (98) A (98)
P-value 0.559 0.951 0.813 0.638 0.134 0.655 0.394

A - absence; P - presence.

1 Ch-Chl: 100% choline chloride as the source of choline; Ch-Chl + Ch-H (75/25): 75% choline chloride + 25% herbal choline as the source of
choline; Ch-Chl + Ch-H (50/50): 50% choline chloride + 50% herbal choline as the source of choline; Ch-H: 100% herbal choline as the source of
choline.

% Median scores and percentages followed by different letters in the columns are statistically different at 5% significance using the Scott-Knott test.

Table 3 - Median scores and percentage relative to the median count for muscle myopathy analysis (wooden breast,
white striping, and spaghetti meat) in the pectoral muscle of broilers treated with different sources of

choline
Treatment! Wooden breast? White striping? Spaghetti meat
Ch-Chl 1(50.0) 1 (50.0) A (87.5)
Ch-Chl + Ch-H (75/25) 1 (50.0) 1(37.5) A (75.0)
Ch-Chl + Ch-H (50/50) 1(25.0) 1(75.0) A (87.5)
Ch-H 1.5 (50.0) 1(50.0) A (100.0)
P-value 0.4373 0.7498 0.5496

A - absence; P - presence.

1 Ch-Chl: 100% choline chloride as the source of choline; Ch-Chl + Ch-H (75/25): 75% choline chloride + 25% herbal choline as the source of
choline; Ch-Chl + Ch-H (50/50): 50% choline chloride + 50% herbal choline as the source of choline; Ch-H: 100% herbal choline as the source of
choline.

2 Scores: wooden breast (0-4); white striping (0-3).

Table 4 - Median scores® and percentage relative to the median count for histological analysis of pectoral muscle
tissue slides in broilers fed different sources of choline

Treatment? Ac.iipose Inflammation  Degradation Necrosis Con.nective Edema
tissue tissue

Ch-Chl 1(50.0) 1(62.5) 3(62.5) 3(62.5) 1(37.5) 3(50.0)

Ch-Chl + Ch-H (75/25) 2.5(100) 2(50.0) 3(50.0) 3(50.0) 2.5(100) 3(62.5)

Ch-Chl + Ch-H (50/50) 3(50.0) 1(37.5) 3(50.0) 3(50.0) 3(50.0) 3(50.0)

Ch-H 3(62.5) 1(37.5) 3(62.5) 3(62.5) 3(62.5) 3(62.5)

P-value 0.1451 0.4151 0.8135 0.8135 0.2823 0.9756

10 = normal; 1 = discrete; 2 = moderate; 3 = pronounced.

2 Ch-Chl: 100% choline chloride as the source of choline; Ch-Chl + Ch-H (75/25): 75% choline chloride + 25% herbal choline as the source of
choline; Ch-Chl + Ch-H (50/50): 50% choline chloride + 50% herbal choline as the source of choline; Ch-H: 100% herbal choline as the source of
choline.
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Table 5 - Mean values of proliferating cartilage zone (PCZ), hypertrophic cartilage zone (HCZ), and total area (TA)
in 42-day-old broilers fed different sources of choline

Treatment! PCZ (mm?) HCZ (mm?) TA (mm?) Score?
Ch-Chl 26.74 33.58 102.97 0 (87.5)
Ch-Chl + Ch-H (75/25) 28.14 29.28 106.87 0(57.1)
Ch-Chl + Ch-H (50/50) 31.96 28.52 117.83 0(75.0)
Ch-H 28.58 28.69 108.89 0 (87.5)
Cv (%) 19.75 20.15 9.78 ;

P-value 0.6167 0.4827 0.3348 0.4140

1 Ch-Chl: 100% choline chloride as the source of choline; Ch-Chl + Ch-H (75/25): 75% choline chloride + 25% herbal choline as the source of
choline; Ch-Chl + Ch-H (50/50): 50% choline chloride + 50% herbal choline as the source of choline; Ch-H: 100% herbal choline as the source of
choline.

2 Median tibial dyschondroplasia visual score and its percentage relative to the total analyzed samples.

Table 6 - Median scores! and their percentage relative to the median count for histological analysis of liver tissue
slides in broilers fed different sources of choline

Treatment? TP Inflammation  Degradation Necrosis Congestion NY%
Ch-Chl 0 (75.0) 1(87.5) 3(62.5) 2 (37.5) 0(75) 1(37.5)
Ch-Chl + Ch-H (75/25) 0 (75.0) 1(87.5) 3 (62.5) 2 (37.5) 0 (87.5) 1.5 (100)
Ch-Chl + Ch-H (50/50) 0 (62.5) 1(75.0) 3(87.5) 2.5(87.5) 0(87.5) 1(62.5)
Ch-H 0 (62.5) 1(100) 2 (50.0) 2(37.5) 0 (62.5) 1(75)
P-value 0.8414 0.8162 0.3336 0.5158 0.5850 0.5081

TP - trabecular pattern; SV - sinusoidal vessels.

10 = normal; 1 = discrete; 2 = moderate; 3 = pronounced.

2 Ch-Chl: 100% choline chloride as the source of choline; Ch-Chl + Ch-H (75/25): 75% choline chloride + 25% herbal choline as the source of
choline; Ch-Chl + Ch-H (50/50): 50% choline chloride + 50% herbal choline as the source of choline; Ch-H: 100% herbal choline as the source of
choline.

4. Discussion

Gait scoring, footpad dermatitis, hock burn, valgus, and varus analyses (Table 2) were performed to
evaluate the effect of choline deficiency, which is known to be associated with tibial dyschondroplasia
(de Lima et al., 2018). Our results indicated no choline deficiency since 70% of birds in all treatments
did not exhibit walking difficulties, reflected by a gait score of 0 at 28 days. This percentage increased
to over 80% at 35 days, indicating good development of their locomotor limbs.

The low incidence of locomotor problems is positive and suggests no serious issues in this regard.
Typically, broiler leg problems are associated with an imbalance between rapid growth rate and
immature bones and joints, leading to impaired locomotion, pain, poor welfare, increased mortality,
reduced slaughter volumes, and significant financial losses (Giiz et al., 2021). Notably, importing
countries have set a target for animal welfare, accepting grades 1 and 2 in less than 30% of a batch
(Almeida Paz et al., 2010).

The incidence of minor footpad dermatitis and hock burn lesions (score 1) can be considered normal
for birds and does not pose a significant problem for their locomotion (van der Eijk et al., 2023).
Importantly, the bedding material used in the experiment was new and free from high moisture and
temperature, which could have increased the incidence of more severe footpad dermatitis and hock
burn scores. The overall results of footpad dermatitis and hock burn indicate no major locomotor
problems in the birds.

Regarding valgus and varus, a higher incidence of valgus lateral deviation was observed compared
with varus, consistent with findings from other authors (Almeida Paz et al., 2010; Almeida Paz et al,,
2013; Guo et al., 2019). According to Gonzales and Mendonga Junior (2006), such alterations may be
influenced by the bird’s genetics. The difference observed at 28 days, with a higher incidence of valgus
in the right leg of birds receiving Ch-H alone and 75% Ch-Chl + 25% Ch-H treatments, is more likely
attributed to genetic predisposition rather than nutrition-related factors.
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The increased incidence of valgus in the right leg at 35 days did not signify a notable leg issue, and it did
not significantly affect the birds’ gait and locomotion. As stated by Guo et al. (2019), valgus deviation
typically occurs unilaterally in more than 80% of cases and does not hinder broiler performance or
growth, although it can affect bone quality.

The incidence of wooden breasts and spaghetti meat (Table 3) was already expected. Although the
precise factors influencing these muscle myopathies are not fully comprehended, the fast-growing
genetics of the birds are deemed responsible, besides affecting muscle fiber development and leading
to economic losses.

As for white striping, a myopathy characterized by lipid accumulation in degraded muscle tissue, a
lower incidence could be expected (Kuttappan et al,, 2016). No significant differences were observed
between treatments and, overall, more than 50% of birds in all treatments showed some degree of
white striping in the pectoral muscle. These findings support the theory that these myopathies are
primarily linked to the bird’s genetics rather than nutrition (Lake and Abasht, 2020). At the molecular
level, tissues affected by pectoral myopathy in broilers exhibit high levels of multiple long-chain
fatty acids, phospholipids, and triglycerides, indicating dysregulation of lipid metabolism genes such
as fatty acid translocase (CD36), fatty acid binding protein 4 (FB94), lipoprotein lipase (LPL), and
peroxisome proliferator-activated receptor gamma (PPAR¥) (Tunim et al,, 2021).

The histological results of breast tissue align with the macroscopic analysis of myopathy presence
(Table 4), showing no significant differences between treatments. Therefore, as observed in the
presence of myopathies, adipose tissue accumulation, extensive tissue degradation, and connective
tissue accumulation were visually apparent, indicating the presence of traditional myopathies such as
white striping and wooden breast. Petracci et al. (2019) associated these myopathies with the rapid
growth of birds rather than nutritional effects, as choline directly affects lipid metabolism and did not
induce changes in adipose tissue deposition in the breast muscle.

The analysis of the proximal epiphysis of the tibia (Table 5), which quantified growth zones,
is consistent with the lesion scoring and locomotor analyses (Table 2), indicating the absence of
locomotor problems in response to the treatments. These results lead to the conclusion that there
was no choline deficiency in any of the treatments, as the growth plate zones, which are typically
affected by choline deficiency, particularly the hypertrophic cartilage zone, showed no abnormalities
(Thorp etal,, 1995).

No hepatic lesions characteristic of impaired lipid metabolism in the liver, such as hepatic steatosis
(vacuolar degeneration), were found in any of the evaluated chickens (Table 6). Animals with choline
deficiency typically exhibit a reduction in sinusoidal space and vacuolar degeneration, indicative
of hepatic steatosis (Selvam et al.,, 2018). The histological analysis in this study revealed a normal
trabecular pattern and sinusoidal vessels, indicating an overall moderate degree of enlargement.

5. Conclusions

The plant-based choline source effectively met the choline requirements of the broiler chickens, as
no signs of nutrient deficiency were observed in any of the treatments. Choline does not play a direct
role in muscle tissue formation, and neither the change of its sources nor their combinations in the
diet have any histological effect on muscle tissue or the occurrence of myopathies.

Conflict of Interest

The authors declare no conflict of interest.

Author Contributions

Conceptualization: A.G.F. Dias, J.H. Stringhini and M.B. Café. Data curation: A.G.F. Dias, A.B.V.S. Gouveia
and M.B. Café. Formal analysis: A.G.F. Dias, A.P.I. Santin, C.D.S. Leite and M.B. Café. Funding acquisition:

R. Bras. Zootec., 52:€20220177, 2023



Effects of herbal choline as a replacement for choline chloride on myopathy, locomotor system, and hepatic...
Dias et al.

J.H. Stringhini and M.B. Café. Investigation: ].C.L. Brasileiro, ].M.S. Silva and M.B. Café. Methodology:
A.G.F. Dias, A.P.I. Santin, C.D.S. Leite, ].M.S. Silva and M.B. Café. Project administration: A.G.F. Dias
and M.B. Café. Resources: M.B. Café. Software: A.G.F. Dias. Supervision: ].H. Stringhini and M.B. Café.
Validation: M.B. Café. Writing - original draft: A.G.F. Dias and M.B. Café. Writing - review & editing:
A.G.F. Dias, A.B.V.S. Gouveia and M.B. Café.

Acknowledgments

The first author thanks the Coordenac¢ido de Aperfeicoamento de Pessoal de Nivel Superior for the
research grant no. 88887.488368/2020-00. Thanks are also due to Sdo Salvador Alimentos® and
M/S Amorvet® (India) for funding the research development.

References

Almeida Paz, I. C. L.; Garcia, R. G.; Bernardi, R.; Naas, I. A,; Caldara, F. R.; Freitas, L. W.; Seno, L. O.; Ferreira, V. M. 0. S.;
Pereira, D. F. and Cavichiolo, F. 2010. Selecting appropriate bedding to reduce locomotion problems in broilers. Brazilian
Journal of Poultry Science 12:189-195. https://doi.org/10.1590/S1516-635X2010000300008

Almeida Paz, I. C. L.; Garcia, R. G.; Bernardi, R.; Seno, L. O.; Nais, I. A. and Caldara, F. R. 2013. Locomotor problems in
broilers reared on new and re-used litter. Italian Journal of Animal Science 12:e45. https://doi.org/10.4081/ijas.2013.e45

Arnhold, E. 2013. Package in the R environment for analysis of variance and complementary analyses. Brazilian Journal
of Veterinary Research and Animal Science 50:488-492. https://doi.org/10.11606/issn.1678-4456.v50i6p488-492

Calderano, A. A.; Nunes, R. V.; Rodrigueiro, R. ]. B. and César, R. A. 2015. Replacement of choline chloride by a vegetal source
of choline in diets for broilers. Ciéncia Animal Brasileira 16:37-44. https://doi.org/10.1590/1089-6891v16i127404

de Lima, M. B.; da Silva, E. P; Pereira, R.; Romano, G. G.; de Freitas, L. W,; Dias, C. T. S. and Menten, . F. M. 2018. Estimate of
choline nutritional requirements for chicks from 1 to 21 days of age. Journal of Animal Physiology and Animal Nutrition
102:780-788. https://doi.org/10.1111/jpn.12881

Dematté Filho, L.; Pereira, D. C. de O. and Possamai, E. 2015. Dietary supplementation of alternative methionine and
choline sources in the organic broiler production in Brazil. Revista Brasileira de Ciéncia Avicola 17:489-496. https://doi.
org/10.1590/1516-635X1704489-496

Dias, A. G. F; Leandro, N. S. M,; Stringhini, J. H,; Batista, ]. M. M.; Brasileiro, ]. C. L.; Santin, A. P. I,; Moura, V. M. B. D. and Café,
M. B. 2022. Replacement of choline chloride with a plant source of choline in broiler chicken diets. Animal Production
Science 63:463-470. https://doi.org/10.1071/AN22205

Farina, G.; Kessler, A. M.; Ebling, P. D.; Marx, FE. R,; César, R. and Ribeiro, A. M. L. 2017. Performance of broilers fed
different dietary choline sources and levels. Ciéncia Animal Brasileira 18:e-37633. https://doi.org/10.1590/1089-
6891v18e-37633

Ferguson, A. E.; Leeson, S.; Julian, R. ]J. and Summers, ]. D. 1978. Leg bone abnormalities and histopathology of caged
and floor reared broilers fed diets devoid of selected vitamins and minerals. Poultry Science 57:1559-1562. https://doi.
org/10.3382/ps.0571559

Ferreira, E. B.; Cavalcanti, P. P. and Nogueira, D. A. 2014. ExpDes: An R package for ANOVA and experimental designs.
Applied Mathematics 5:2952-2958. https://doi.org/10.4236/am.2014.519280

Gonzales, E. and Mendonga Junior, C. X. 2006. Problemas locomotores em frangos de corte. p.79-94. In: Anais do VII
Simposio Brasil Sul de Avicultura. Chapeco, SC.

Guo, Y.; Tang, H.; Wang, X,; Li, W,; Wang, Y, Yan, F; Kang, X,; Li, Z. and Han, R. 2019. Clinical assessment of growth
performance, bone morphometry, bone quality, and serum indicators in broilers affected by valgus-varus deformity.
Poultry Science 98:4433-4440. https://doi.org/10.3382/ps/pez269

Giiz, B. C; de Jong, . C,; Da Silva, C. S.; Veldkamp, F; Kemp, B.; Molenaar, R. and van den Brand, H. 2021. Effects of pen
enrichment on leg health of fast and slower-growing broiler chickens. Plos One 16:e0254462. https://doi.org/10.1371/
journal.pone.0254462

Igwe, 1. R.; Okonkwo, C. ].; Uzoukwu, U. G. and Onyenegecha, C. 0. 2015. The effect of choline chloride on the performance
of broiler chickens. Annual Research & Review in Biology 8:1-8. https://doi.org/10.9734/ARRB/2015/19372

Kelm, M. A; Nair, M. G.; Strasburg, G. M. and DeWitt, D. L. 2000. Antioxidant and cyclooxygenase inhibitory phenolic
compounds from Ocimum sanctum Linn. Phytomedicine 7:7-13. https://doi.org/10.1016/S0944-7113(00)80015-X

Khose, K.; Manwar, S.; Gole, M.; Ingole, R. and Rathod, P. 2019. Replacement of synthetic choline chloride by herbal
choline in diets on liver function enzymes, carcass traits and economics of broilers. Journal of Animal Research 9:87-93.

R. Bras. Zootec., 52:€20220177, 2023


https://doi.org/10.1590/1516-635X1704489-496
https://doi.org/10.1590/1516-635X1704489-496
https://doi.org/10.3382/ps.0571559
https://doi.org/10.3382/ps.0571559
https://doi.org/10.1371/journal.pone.0254462
https://doi.org/10.1371/journal.pone.0254462
https://doi.org/10.1016/S0944-7113(00)80015-X

9

Effects of herbal choline as a replacement for choline chloride on myopathy, locomotor system, and hepatic...
Dias et al.

Khosravinia, H.; Chethen, P. S.; Umakantha, B. and Nourmohammadi, R. 2015. Effects of lipotropic products on
productive performance, liver lipid and enzymes activity in broiler chickens. Poutry Science Journal 3:113-120.
https://doi.org/10.22069/psj.2015.2648

Kuttappan, V. A,; Brewer, V. B.; Apple, J. K.; Waldroup, P. W. and Owens, C. M. 2012. Influence of growth rate on the
occurrence of white striping in broiler breast fillets. Poultry Science 91:2677-2685. https://doi.org/10.3382 /ps.2012-
02259

Kuttappan, V. A.; Hargis, B. M. and Owens, C. M. 2016. White striping and woody breast myopathies in the modern
poultry industry: a review. Poultry Science 95:2724-2733. https://doi.org/10.3382 /ps/pew216

Lake, J. A. and Abasht, B. 2020. Glucolipotoxicity: A proposed etiology for wooden breast and related myopathies in
commercial broiler chickens. Frontiers in Physiology 11:169. https://doi.org/10.3389/fphys.2020.00169

Lima, M. B. 2012. Modelos matematicos para predi¢do das exigéncias nutricionais da colina para frangos de corte.
Dissertagdo (M.Sc.). Universidade de Sao Paulo, Piracicaba.

Oviedo-Rondén, E. O.; Murakami, A. E.; Furlan, A. C,; Moreira, I. and Macari, M. 2001. Sodium and chloride requirements
of young broiler chickens fed corn-soybean diets (one to twenty-one days of age). Poultry Science 80:592-598.
https://doi.org/10.1093/ps/80.5.592

van der Eijk, ]. A. J,; van Harn, J.; Gunnink, H.; Melis, S.; van Riel, ]. W. and de Jong, I. C. 2023. Fast-and slower-growing
broilers respond similarly to a reduction in stocking density with regard to gait, hock burn, skin lesions, cleanliness,
and performance. Poultry Science 102:102603. https://doi.org/10.1016/j.psj.2023.102603

Petracci, M.; Soglia, F; Madruga, M.; Carvalho, L.; Ida, E. and Estévez, M. 2019. Wooden-breast, white striping, and
spaghetti meat: causes, consequences and consumer perception of emerging broiler meat abnormalities. Comprehensive
Reviews in Food Science and Food Safety 18:565-583. https://doi.org/10.1111/1541-4337.12431

Rowland, G. N. and Edwards, H. M. 1999. Diagnosing broiler leg problems. Georgia Poultry Nutrition Roundtable.
Available at: <https://poultry.caes.uga.edu/content/dam/caes-subsite/poultry/documents/poultry-nutritionists-tool-
kit/Broiler-leg-issues.pdf> Accessed on: Aug. 07, 2020.

Saeed, M.; Alagawany, M.; Arain, M. A,; El-Hack, M. E. A. and Dhama, K. 2017. Beneficial impacts of choline in animal and
human with special reference to its role against fatty liver syndrome. Journal of Experimental Biology and Agricultural
Sciences 5:589-598. https://doi.org/10.18006/2017.5(5).589.598

Selvam, R.; Saravanakumar, M.; Suresh, S.; Chandrasekeran, C. V. and Prashanth, D. 2018. Evaluation of polyherbal
formulation and synthetic choline chloride on choline deficiency model in broilers: implications on zootechnical
parameters, serum biochemistry and liver histopathology. Asian-Australasian Journal of Animal Sciences 31:1795-1806.
https://doi.org/10.5713/ajas.18.0018

Soglia, F; Gao, J.; Mazzoni, M.; Puolanne, E.; Cavani, C.; Petracci, M. and Ertbjerg, P. 2017. Superficial and deep changes
of histology, texture and particle size distribution in broiler wooden breast muscle during refrigerated storage. Poultry
Science 96:3465-3472. https://doi.org/10.3382/ps/pex115

Stamp Dawkins, M.; Donnelly, C. A. and Jones, T. A. 2004. Chicken welfare is influenced more by housing conditions than
by stocking density. Nature 427:342-344. https://doi.org/10.1038/nature02226

Thorp, B. H.; Jakowlew, S. B. and Goddard, C. 1995. Avian dyschondroplasia: local deficiencies in growth factors are
integral to the aetiopathogenesis. Avian Pathology 24:135-148. https://doi.org/10.1080/03079459508419054

Tijare, V. V,; Yang, F. L.; Kuttappan, V. A,; Alvarado, C. Z; Coon, C. N. and Owens, C. M. 2016. Meat quality of broiler breast
fillets with white striping and woody breast muscle myopathies. Poultry Science 95:2167-2173. https://doi.org/10.3382/
ps/pew129

Tunim, S.; Phasuk, Y.; Aggrey, S. E. and Duangjinda, M. 2021. Increasing fat deposition via upregulates the
transcription of peroxisome proliferator-activated receptor gamma in native crossbred chickens. Animals 11:90.
https://doi.org/10.3390/ani11010090

Zhang, Y. W,; Lu, P. P; Li, Y. ].; Dai, G. C;; Cao, M. M;; Xie, T; Zhang, C.; Shi, L. and Rui, Y. FE. 2021. Low dietary choline intake is
associated with the risk of osteoporosis in elderly individuals: a population-based study. Food & Function 12:6442-6451.
https://doi.org/10.1039/D1F000825K

Zhang, C. X,; Pan, M. X,; Li, B.; Wang, L.; Mo, X. E; Chen, Y. M,; Lin, F. Y. and Ho, S. C. 2013. Choline and betaine intake
is inversely associated with breast cancer risk: a two-stage case-control study in China. Cancer Science 104:250-258.
https://doi.org/10.1111/cas.12064

R. Bras. Zootec., 52:€20220177, 2023


https://doi.org/10.3382/ps.2012-02259
https://doi.org/10.3382/ps.2012-02259
https://poultry.caes.uga.edu/content/dam/caes-subsite/poultry/documents/poultry-nutritionists-tool-kit/Broiler-leg-issues.pdf
https://poultry.caes.uga.edu/content/dam/caes-subsite/poultry/documents/poultry-nutritionists-tool-kit/Broiler-leg-issues.pdf
https://doi.org/10.18006/2017.5(5).589.598
https://doi.org/10.3382/ps/pew129
https://doi.org/10.3382/ps/pew129

