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Dietary supplementation with glycosaminoglycans reduces
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ABSTRACT This study aimed to assess the influ-
ence of glycosaminoglycan (chondroitin and glucos-
amine sulfates) supplementation in the diet on the
performance and incidence of locomotor problems in
broiler chickens. A completely randomized design
was carried out in a 3 ! 3 factorial scheme (3 levels
of chondroitin sulfate 20, 0.05, and 0.10%; and 3
levels of glucosamine sulfate 20, 0.15, and 0.30%).
Each treatment was composed of 6 replications of 30
broilers each. The performance of broilers (average
weight, weight gain, feed intake, feed conversion, and
productive viability) was assessed at 7, 21, 35, and
42 d of age, whereas the gait score, valgus and varus
deviations, femoral degeneration, and tibial
dyschondroplasia were assessed at 21 and 42 d of
age. Increasing levels of glucosamine sulfate inclusion
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linearly increased the weight gain from 1 to 35 and
from 1 to 42 d of age of broilers (P 5 0.047 and
P 5 0.039, respectively), frequency of broilers with
no femoral degeneration in the right and left femurs,
and the proliferating cartilage area of proximal
epiphysis at 42 d of age (P 5 0.014, P , 0.0001,
and P 5 0.028, respectively). The increasing inclu-
sion of chondroitin and glucosamine sulfates led to
an increase in the frequency of broilers on the gait
score scale 0 (P 5 0.007 and P 5 0.0001,
respectively) and frequency of broilers with no valgus
and varus deviations (P 5 0.014 and P 5 0.0002,
respectively) also at 42 d of age. Thus,
chondroitin and glucosamine sulfates can be used in
the diet of broiler chickens to reduce their locomotor
problems.
Key words: chondroitin, femoral degeneration,
 gait score, glucosamine, tibial dyschondroplasia
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INTRODUCTION

Technological advances in nutrition and genetic
improvement that led to an increase of the body growth
and meat deposition rate of broiler chickens originated
metabolic disturbances that have caused damages in
the production system (Julian, 2005; Angel, 2007). Asci-
tes syndrome, sudden death syndrome, and locomotion
disorders are among these disorders (Julian, 2005).

Locomotion disorders, commonly referred to as
deformities or locomotion problems, may occur because
of changes in bone and cartilaginous growth plate in cases
of rickets, tibial dyschondroplasia, chondrodystrophy,
and femoral degeneration; congenital changes in cases
of spondylolisthesis and valgus and varus angular
deformities; or as the result of infectious diseases such
as osteomyelitis and arthritis (Angel, 2007). Together,
femoral degeneration, tibial dyschondroplasia, and angu-
lation deviations are the main diseases associated with
lameness in broiler chickens, which may or may not occur
in association (Fernandes et al., 2012; Colet et al., 2015).
The prevalence of locomotion disorders in broiler

chickens has become a big concern, as it results in poor
performance and increased carcass condemnation in
slaughterhouses to the detriment of broiler welfare
(N€a€as et al., 2009; Shim et al., 2012). Broilers with
mobility problems are totally or partially deprived of
the freedoms described in the Farm Animal Welfare
Council. Thus, locomotor diseases must be prevented
because losses are inevitable once established.
Polysulfated glycosaminoglycans have prevented

and/or reduced the progression of pathologic changes
in bone and joint structures of animal models such as
rats (Wen et al., 2010; Chiusaroli et al., 2011; Jawed
et al., 2011; Muraleva et al., 2012; Arafa et al., 2013;
Wolff, 2014), rabbits (Herrero-Beaumont et al., 2008;
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Largo et al., 2010; Kamarul et al., 2011), dogs (Vieira
et al., 2010; Eleot�ereo et al., 2012; Gupta et al., 2012;
Maxwell et al., 2016; Wenz et al., 2017), broiler chickens
(Sgavioli et al., 2017; Santos et al., 2018, 2019), humans
(Kahan et al., 2009; Wildi et al., 2011; Kantor et al.,
2014; Lubis et al., 2017), and in vitro (Tat et al., 2007;
Varghese et al., 2007; Uitterlinden et al., 2008;
Calamia et al., 2010, 2012, 2014; Chiusaroli et al.,
2011; Imagawa et al., 2011; Pecchi et al., 2012; Cunha
et al., 2017; Igarashi et al., 2017; Kim et al., 2017).
Among glycosaminoglycans, chondroitin and glucos-

amine sulfates stand out, which, in combination,
stimulate anabolic cartilage processes such as proteogly-
can and collagen synthesis (Kamarul et al., 2011),
chondrocyte proliferation, bone matrix biosynthesis
(Wolff, 2014), and reduce bone resorption (Maxwell
et al., 2016). Moreover, they prevent cartilage degenera-
tion through anti-inflammatory and inhibitory
mechanisms (Calamia et al., 2010, 2014; Kantor et al.,
2014). Therefore, the mechanisms of action of chon-
droitin and glucosamine sulfates may contribute to
reducing the incidence of locomotor problems in broiler
chickens.
Although locomotor problems deserve attention from

countless researchers, there is little work in the literature
to prevent these disorders with the use of glycosamino-
glycans in broiler chickens. Sgavioli et al. (2017) and
Santos et al. (2019) provided the important evidence
that the addition of chondroitin and glucosamine
sulfates in the diet can promote beneficial changes in
bone and cartilaginous development of broiler chickens.
However, there are few studies in the literature on the
effect of chondroitin and glucosamine sulfates on their
locomotor problems.
This study aimed to assess the influence of glycosami-

noglycan supplementation in the diet of broiler chickens
on the performance (average weight [AW], weight gain
[WG], feed intake, feed conversion, and productive
viability) and the incidence of locomotor problems
(gait score, valgus and varus deviations, femoral
degeneration, and tibial dyschondroplasia).

MATERIALS AND METHODS

All procedures in this study were approved by the
Animal Use Ethics Committee, as per protocol 051/16.

Animals, Facilities, and Experimental
Design

A total of 1,620 1-day-old, male, commercial Cobb 500
broiler chicks with a mean initial weight of 43 6 0.2 g
were reared until 42 d of age. They were housed in 54
pens, set up in the central area of a 1,500-m2 commercial
facility, acclimatized by negative pressure. Each pen
consisted of 2.88 m2, 10 nipple drinkers, and 1 tube
feeder for chicks up to the seventh day, and 1 adult
from 8 to 42 d of age.
Chicks were vaccinated in the hatchery against

Marek’s disease, infectious bursal disease, and avian
pox. The following vaccination program was completed
during the experimental period: Marek and avian pox
in the hatchery and infectious bursal disease (mild
strain) on the 14th day in the drinking water, using
powdered milk as a carrier (2 g L21).

The experiment was conducted in a completely
randomized manner in a 3 ! 3 factorial arrangement
(3 levels of chondroitin sulfate 20, 0.05, 0.10%, and 3
levels of glucosamine sulfate 20, 0.15, and 0.30%, both
in the broiler chicken diet). Each treatment was
composed of 6 replications of 30 birds, totaling 54
experimental pens. Chondroitin sulfate ([C14H21NO14S]
n; Biofac A/S, Englandsvej, Kastrup, Denmark) was
91.27% pure and potassium glucosamine sulfate
([C6H14NO5] 2SO4 x 2KCl; Zhejiang Golden-Shell
Pharmaceutical Co. Ltd., Yuhuan, Zhejiang, China)
had 16% sulfate.

The broilers received food and water ad libitum
throughout the experimental period and were reared
following the management recommendations of the
Cobb-Vantress Management Guide (2008). Diets were
formulated based on corn and soybean meal and
following the recommendations proposed by Rostagno
et al. (2011) for the phases preinitial (1–7 d of age),
initial (8–21 d of age), growth (22–35 d of age), and final
(36–42 d of age), all of them with a variable portion of
0.4% of chondroitin sulfate and/or glucosamine sulfate
and/or inert, as per treatments (Table 1).

The nutritional composition of the experimental diets
was analyzed for DM, crude energy, CP, calcium, and
phosphorus. DM was determined by the gravimetric
method using heat and was based on the weight loss of
the material subjected to heating at 105�C in a
rectilinear oven (model 315/3; Fanen, Guarulhos, S~ao
Paulo, Brazil). Crude energy was determined using the
calorimetric pump (model 6100; Parr Instrument Com-
pany, Moline, Illinois). The total nitrogen content was
analyzed in a nitrogen distiller (model TE-036/1; Tec-
nal, Piracicaba, S~ao Paulo, Brazil), using the Kjeldahl
method (INCT-CA N-001/1), according to Detmann
et al. (2012), and the factor of 6.25 was used in the con-
version of nitrogen value into CP. Calcium and phos-
phorus were analyzed using an atomic absorption
spectrophotometer (model AA-7000; Shimadzu, Bar-
ueri, S~ao Paulo, Brazil) and UV/VIS spectrophotometer
(model UV-5100; Tecnal, Piracicaba, S~ao Paulo, Brazil),
respectively, as proposed by Silva and Queiroz (2002).

The analyzed values for preinitial, initial, growth, and
final phases were 3,755, 3,880, 4,010, and 4,100 kcal/kg
for crude energy, respectively, 23.85, 22.60, 21.25, and
19.00% for CP, respectively, 0.99, 0.98, 0.90, and
0.83% for calcium, respectively, and 0.75, 0.73, 0.65,
and 0.65% for total phosphorus, respectively.
Performance

Performance variables (AW, WG, mean feed intake,
feed conversion, and productive viability) were assessed
at 7, 21, 35, and 42 d of age by weighing broiler chickens,
diets, and the number and weight of dead broilers.



Table 1. Ingredients and calculated nutritional composition of diets from preinitial
(1–7 d of age), initial (88–21 d of age), growth (22–35 d of age), and final (36–42 d of
age) phases.

Ingredients (%) Pre-initial Initial Growth Final

Corn 54.46 59.80 63.77 69.94
Soybean meal (45.5%) 35.16 30.78 23.82 15.18
Poultry fat 1.13 1.40 1.87 2.07
Meat and bone meal (47%) 3.67 4.40 3.13 6.87
Offal meal (62.5%) 3.00 1.13 3.53 1.80
Feather meal (84.81%) - - 1.53 2.00
Limestone 0.53 0.53 0.63 0.23
Salt 0.39 0.35 0.27 0.21
Sodium bicarbonate 0.08 0.05 0.10 0.15
Choline chloride (75%) 0.05 0.08 0.05 0.06
DL-Methionine (99%) 0.41 0.35 0.27 0.25
L-Lysine HCL (64%) 0.33 0.34 0.28 0.45
L-Threonine (98%) 0.07 0.08 0.05 0.09
L-Valine (96.5%) 0.02 0.01 - -
1Vitamin supplement 0.05 0.05 0.05 0.05
2Mineral supplement 0.05 0.05 0.05 0.05
3Additives 0.20 0.20 0.20 0.20
4Variable portion 0.40 0.40 0.40 0.40
Total 100.00 100.00 100.00 100.00
Calculated nutritional composition
ME (kcal/kg) 3,000 3,050 3,150 3,200
CP (%) 25.00 22.50 21.60 19.53
Calcium (%) 0.98 0.98 0.95 0.86
Available phosphorus (%) 0.49 0.48 0.46 0.44
Sodium (%) 0.22 0.21 0.20 0.19
Chlorine (%) 0.30 0.27 0.23 0.20
Potassium (%) 0.90 0.82 0.70 0.57
Digestible methionine 1 cystine (%) 1.03 0.92 0.85 0.75
Digestible methionine (%) 0.73 0.64 0.56 0.49
Digestible lysine (%) 1.36 1.21 1.10 1.00
Digestible threonine (%) 0.87 0.79 0.72 0.68

1Vitamin supplement (composition per kg product): preinitial and initial (vitamin A,
20000000 IU; vitamin D3, 5000000 IU; vitamin E, 50,000 IU; vitamin K3, 4,000 mg; vitamin B1,
5,000 mg; vitamin B2, 13,000 mg; vitamin B6, 7,000 mg; vitamin B12, 36 mg; niacin, 84,000 mg;
pantothenate, 30,000 mg; folic acid, 2,400 mg; biotin, 160 mg; selenium 600 mg); growth and
final (vitamin A, 16000000 IU; vitamin D3, 3800000 IU; vitamin E, 40,000 IU; vitamin K3,
3,600 mg; vitamin B1, 3,600 mg; vitamin B2, 11,000 mg; vitamin B6, 5,200 mg; vitamin B12,
30 mg; niacin, 70,000 mg; pantothenate, 26,000 mg; folic acid, 1,800 mg; biotin, 100 mg; sele-
nium, 600 mg).

2Mineral supplement (composition per kg product): copper, 16.25 g; iron, 100 g; iodine, 2,000
g; manganese, 150 g; zinc 125 g.

3Additives: preinitial, initial, and growth (Maxiban [narasine1 nicarbazine] 0.05 g; Enradin
[enramycin] 0.01 g; Microtech [phytase] 0.01 g; Salmex (formaldehyde, propionic acid, terpenes
and surfactants] 0.10 g; Endox [ethoxyquin and butylated hidroxyanisole] 0.004 g; copper sul-
fate 0.03 g); final (Maxiban [narasine 1 nicarbazine] 0.05 g; Enradin [enramycin] 0.006 g;
Microtech [phytase] 0.01 g; Salmex [formaldehyde, propionic acid, terpenes, and surfactants]
0.10 g; Endox [ethoxyquin and butylated hidroxyanisole] 0.004 g; copper sulfate 0.03 g).

4Variable portion: chondroitin sulfate ([C14H21NO14S]n, Biofac A/S, Englandsvej, Kastrup,
Denmark) and/or potassium glucosamine sulfate ([C6H14NO5] 2SO4 x 2KCl, Zhejiang Golden-
Shell Pharmaceutical Co. Ltd., Yuhuan, Zhejiang, China) and/or inert (kaulin) as per
treatments.
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The AW was obtained at the end of each experi-
mental phase by dividing the total broiler weight of
the pen by the number of animals, WG was calculated
by the difference between the final and initial weight of
animals, and feed intake by the difference between the
weight of the offered diet and the leftover of each
period, divided by the number of animals in the period.
Feed conversion was obtained from the ratio between
feed intake and broiler WG. Both feed intake and feed
conversion were corrected for mortality, according to
Sakomura and Rostagno (2016). Productive viability
was calculated as a percentage of surviving animals in
relation to the initial number of housed animals.
Gait Score

Gait score was assessed in all broilers at 21 and 42 d of
age by 2 different evaluators previously trained on the
method application, according to Kestin et al. (1992).
The evaluators were trained by performing the methods
over a period of 2 d, with the objective of standardizing
the understanding of the methodology; in addition,
during the analyses, the birds were evaluated by both,
as a way to increase the speed, without compromising
reliability. This method consisted of assessing the broiler
displacement at a linear distance of 1 m, considering a
scale ranging from 0 to 5 as follows: 0 – normal
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movement; 1 – quick movement but with small defi-
ciency; 2 – quick movement but with high deficiency, 3
–slow movement with difficulty; 4 – slow movement
with high difficulty; and 5 – rare movement, crawling
with wings.

Valgus and Varus

Valgus and varus deviations were assessed after
assessing the gait score in all broilers at 21 and 42 d of
age. The angulation of leg joints was assessed according
to Almeida Paz et al. (2010) using a caliper and protrac-
tor, and the angle formed between the tibia and the
finger 3 on the right and left legs. The varus deformity
was characterized when the angulation was negative,
with medial deviation, whereas the valgus deformity
was characterized when the angulation was positive,
with lateral deviation.

Femoral Degeneration and Tibial
Dyschondroplasia

Twelve broilers/treatment/age with mean BW close
to the mean BW of the experimental unit were selected
on the 21st and 42nd day of growth and identified with
numbered leg bands. The selected broilers were fasted
for 8 h, slaughtered by cervical dislocation, and left
and right tibias of each broiler were removed andmarked
for analyses of femoral degeneration and tibial
dyschondroplasia.
A macroscopic assessment of femoral degeneration

was performed in the proximal epiphysis region of the
right and left femurs, according to Almeida Paz et al.
(2009). The assigned injury scores ranged from 0 to 2,
where 0 is equivalent to bone and cartilage with no
injury, 1 is equivalent to partial integrity of articular
cartilage, and 2 is equal to a bone with no cartilage
and severe injury.
Longitudinal sections of the proximal right tibial

epiphysis were used to make 108 histologic slides at
each age (12 per treatment) to assess the incidence of
tibial dyschondroplasia. The samples were fixed in 10%
buffered formaldehyde solution for 24 h. After fixation,
they were stored in 70% alcohol and, subsequently,
decalcified and processed as per the methodology of
Luna (1968). Semiserial 5-mm-thick sections were per-
formed with an electronic rotary microtome (model
RM2255; Leica Biosystems Inc., Buffalo Grove, Illinois).
The histologic slides were scanned using a Panoramic

Desk (3D HISTECH Ltda., Budapest, Hungary) histo-
logic slide scanner; Fujitsu Esprimo P9900 Intel Dual
Core 2 GB RAM HD 500 GB computer; Eonis 2200
2 MP clinical review display monitor, MDRC-2122 WP
white; CMOS color camera model CIS 4MP; Zeiss
Plan-Apochromat objective 40x NA 0.95; and 1.6x digi-
tal camera adapter and extended focus. The recorded
images were analyzed using the software Pannoramic
Viewer (3D HISTECH Ltda., Budapest, Hungary; free-
ware, https://www.3dhistech.com/pannoramic_
viewer). Three areas were measured: proliferating
cartilage area (PCA), hypertrophic cartilage area, and
total proximal epiphysis area, according to Oviedo-
Rond�on et al. (2001). The calcified cartilage zone was
considered the lower limit to determine the thickening
of the hypertrophic zone in the lesion characterization,
according to Thorp et al. (1993).
Statistical Analysis

Supplementation effects with chondroitin (0, 0.05,
and 0.10%) and glucosamine sulfates (0, 0.15, and
0.30%) and their interaction (CO ! GLU) were
analyzed as per the experimental model:
Yijk 5 m 1 (CO) i 1 (GLU) j 1 (CO ! GLU)
ij 1 eijk, where Y is the response variable, m is the
mean of the variable, CO is the chondroitin sulfate,
GLU is the glucosamine sulfate, CO! GLU is the inter-
action of chondroitin and glucosamine sulfates, and eijk
is the residual error.

The data of performance and incidence of tibial dys-
chondroplasia were verified for the presence of outliers
(box-and-whisker plot), the normality assumptions of er-
ror were studentized (Cram�er-vonMises test) and homo-
geneity of variances (Bartlett’s test). After corrections,
the data were subjected to ANOVA using the GLM pro-
cedure of SAS (SAS Institute, 2002). An orthogonal
analysis was performed when the means differed signifi-
cantly by the F test at 5% probability to test linear and
quadratic effects of the levels of chondroitin and glucos-
amine sulfates. Fisher’s exact test at 5% significance was
used to analyze the frequencies of the gait score, valgus
and varus, and femoral degeneration.

The statistical analysis of performance was carried out
considering each pen as an experimental unit (6 pens per
treatment). Statistical analysis of tibial dyschondropla-
sia considered individual broilers as experimental units
(N: 12 broilers per treatment and 2 broilers per pen).
Frequency calculations for the analysis of gait score,
valgus and varus, and femoral degeneration considered
each broiler as an experimental unit (N: 180 broilers
per treatment for gait score and valgus and varus and
N: 12 broilers per treatment for femoral degeneration,
2 broilers per plot).
RESULTS

Performance

Periods from 1 to 35 and from 1 to 42 d of age showed
increasing linear effects (P 5 0.047 and P 5 0.039,
respectively) of glucosamine sulfate levels for WG
(WG1 to 35 d 5 88.133 GLU 1 2,606.5, R2 5 0.94; and
WG1 to 42 d 5 104.47 GLU 1 3,364.40, R2 5 0.77),
with increased WG on supplementation with glucos-
amine sulfate. An increasing linear effect (P 5 0.040)
was observed from 1 to 42 d of age for AW (AW1 to 42

d 5 107.4 GLU 1 3,407.2, R2 5 0.78). Similarly, higher
levels of glucosamine sulfate resulted in an increased AW
of broilers (Table 2).
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Table 2.Average weight (AW), weight gain (WG), feed intake (FI), feed conversion (FC), and viability (V) of broilers from 1 to 42 d
of age, supplemented with chondroitin and glucosamine sulfates of feed ration.

Parameters Chondroitin1 (CO, %)

Glucosamine2 (GLU, %)

Regression Mean SEM

Probability

0 0.15 0.30 CO GLU CO x GLU

AW (g) 0 3,352.83 3,398.83 3,403.67 ns 3,385.11 14.09 ns L(0.040) ns
0.05 3,426.83 3,467.50 3,446.50 ns 3,446.94
0.10 3,427.17 3,433.50 3,450.33 ns 3,437.00

Regression ns ns ns
Mean 3,402.28 3,433.28 3,434.50

WG (g) 0 3,309.83 3,355.50 3,361.17 ns 3,342.17 14.09 ns L(0.039) ns
0.05 3,384.33 3,424.50 3,403.50 ns 3,404.11
0.10 3,383.83 3,390.67 3,407.33 ns 3,393.94

Regression ns ns ns
Mean 3,359.33 3,390.22 3,390.67

FI (g) 0 5,293.83 5,239.17 5,392.00 ns 5,308.33 29.91 ns ns ns
0.05 5,362.33 5,269.60 5,318.67 ns 5,319.65
0.10 5,327.00 5,383.00 5,247.50 ns 5,319.17

Regression ns ns ns
Mean 5,327.72 5,298.88 5,319.39

FC 0 1.591 1.558 1.580 ns 1.576 0.01 ns ns ns
0.05 1.573 1.536 1.549 ns 1.553
0.10 1.553 1.551 1.525 ns 1.543

Regression ns ns ns
Mean 1.572 1.548 1.552

V (%) 0 97.02 97.02 95.83 ns 96.63 0.96 ns ns ns
0.05 96.43 94.64 93.45 ns 94.84
0.10 93.45 95.83 94.64 ns 94.64

Regression ns ns ns
Mean 95.64 95.83 94.64

Abbreviations: L, linear; ns, not significant.
1([C14H21NO14S)n, Biofac A/S) purity of 91.27%.
2([C6H14NO5)2SO4 x 2KCl, Zhejiang Golden-Shell Pharmaceutical Co. Ltd.) sulfate content 16%.

Table 3. Gait score frequency of broilers at 42 d of age, supple-
mented with chondroitin and glucosamine sulfates in the diet.

Treatments

Gait score (%)

0 1 2 3 4 5

Chondroitin1 (CO, %)
0 82.30 8.86 4.43 2.43 1.10 0.88
0.05 84.89 8.80 3.62 2.03 0.44 0.22
0.10 89.99 5.68 2.29 0.92 1.12 0.00

Glucosamine2 (GLU, %)
0 78.55 10.06 5.16 3.57 1.78 0.88
0.15 87.49 7.83 2.67 1.12 0.67 0.22
0.30 91.14 5.44 2.50 0.69 0.23 0.00

Probability3

CO 0.007
GLU 0.0001

1([C14H21NO14S]n, Biofac A/S) purity of 91.27%.
2([C6H14NO5]2SO4 x 2KCl, Zhejiang Golden-Shell Pharmaceutical Co.

Ltd.) sulfate content 16%.
3Significant at P , 0.05 (Fisher’s exact test).
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No interaction (P . 0.05) and isolated effects of
chondroitin and glucosamine sulfates were observed for
AW, WG, feed intake, feed conversion, and productive
viability of broilers from 1 to 7 and from 1 to 21 d of
age. No effect of sulfates (P . 0.05) was observed for
AW, feed intake, feed conversion, and productive
viability from 1 to 35 and from 1 to 42 d of age (Table 2).

Gait Score

The gait score frequency showed an effect of
chondroitin and glucosamine sulfates (P 5 0.007 and
P 5 0.0001, respectively) at 42 d of age. The inclusion
of 0.10 and 0.30% of conroutine sulfates and glucosamine
increased the percentage of birds evaluated as normal by
7.69 and 12.59%, respectively, when compared with
birds that did not receive sulfates. In addition, these
inclusions reduced the percentage of birds that were clas-
sified on scale 1, 2 and 3 in 3.18 and 4.62%; 2.14 and
2.66%; 1.51 and 2.88%, respectively, for chondroitin
and glucosamine sulfates, when compared with the birds
of the treatments where sulfates were not included
(Table 3). No effect of treatments (P . 0.05) was
observed on the gait score frequency at 21 d of age.

Valgus and Varus

An effect of chondroitin and glucosamine sulfates was
observed on valgus and varus deviations (P5 0.014 and
P5 0.0002, respectively) at 42 d of age. The inclusion of
glycosaminoglycans in the diet of broilers reduced the
incidence of deviations and, consequently, increased
the frequency of animals without deviations. The
inclusion of 0.10 and 0.30% of conroutine sulfates and
glucosamine increased the percentage of birds evaluated
as without deviations (valgus or varus) in 8.74 and
12.83%, respectively, when compared with the birds of
the treatments where sulfates were not included. In
addition, these inclusions reduced the percentage of
birds that were evaluated with valgus deviation, by
8.55 and 11.5%, for chondroitin and glucosamine
sulfates, respectively, when compared with the birds of
the treatments where sulfates were not included. In
addition, it reduced the percentage of birds that were
evaluated with varus deviation, by 0.19 and 1.33%, for



Table 4. Frequency of valgus and varus deviations of broiler
chickens at 42 d of age, supplemented with chondroitin and
glucosamine sulfates in the diet.

Treatments Without deviation Valgus Varus

Chondroitin1 (CO, %)
0 74.71 23.07 2.22
0.05 77.15 21.28 1.57
0.10 83.45 14.52 2.03

Glucosamine2 (GLU, %)
0 71.53 26.02 2.45
0.15 79.41 18.35 2.24
0.30 84.36 14.52 1.12

Probability3

CO 0.014
GLU 0.0002

1([C14H21NO14S]n, Biofac A/S) purity of 91.27%.
2([C6H14NO5]2SO4 x 2KCl, Zhejiang Golden-Shell Pharmaceutical Co.

Ltd.) sulfate content 16%.
3Significant at P , 0.05 (Fisher’s exact test).
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chondroitin and glucosamine sulfates, respectively, when
compared with the birds of the treatments where sulfates
were not included (Table 4). No effect of treatments
(P . 0.05) was observed on the frequency of valgus
and varus deviations at 21 d of age.
Femoral Degeneration

An effect of glucosamine sulfate was observed on the
femoral degeneration of the right and left femurs
(P 5 0.014 and P , 0.0001, respectively) at 42 d of age.
The inclusion of 0.30% of glucosamine sulfate in the
diet of broilers reduced the incidence of scores 1 and 2
in both femurs and hence increased the frequency of
animals without femoral degeneration (Table 5). Howev-
er, at 21 d of age, no effect of treatments (P . 0.05) was
observed on the frequency of femoral degeneration.
Tibial Dyschondroplasia

An increasing linear effect (P5 0.029) of glucosamine
sulfate was observed on the PCA (PCA42 d 5 3.6667
Table 5. Frequency of femoral degeneration (FD) of 42-day-old
broiler chickens supplemented with chondroitin and glucosamine
sulfates in the diet.

Treatments

FD right femur (%) FD left femur (%)

0 1 2 0 1 2

Chondroitin1 (CO, %)
0 50.02 5.55 44.43 55.55 8.34 36.11
0.05 55.56 0.00 44.44 69.44 8.34 22.22
0.10 63.89 0.00 36.11 63.89 5.55 30.56

Glucosamine2 (GLU, %)
0 36.13 5.55 58.32 30.56 13.89 55.55
0.15 63.89 0.00 36.11 80.53 2.79 16.68
0.30 69.43 0.00 30.57 77.77 5.55 16.68

Probability3

CO 0.427 0.721
GLU 0.014 ,0.0001

1([C14H21NO14S]n, Biofac A/S) purity of 91.27%.
2([C6H14NO5]2SO4 x 2KCl, Zhejiang Golden-Shell Pharmaceutical Co.

Ltd.) sulfate content 16%.
3Significant at P , 0.05 (Fisher’s exact test).
GLU1 29.217; R2 5 0.92) at 42 d of age, with increased
PCA of the proximal tibial epiphysis of chicken broilers
due to the inclusion of glucosamine sulfate (Table 6). No
effect of treatments (P . 0.05) was observed for the
hypertrophic cartilage area and the total area of
proximal epiphysis tibial at 42 d of age. No effect of
treatments (P . 0.05) was observed for tibial PCA, hy-
pertrophic cartilage area, and total proximal epiphysis
area at 21 d of age.
DISCUSSION

The addition of chondroitin sulfate and glucosamine
have been assessed for locomotor problems of broiler
chickens, and the results showed evidence that these
glycosaminoglycans could significantly reduce such
problems.

Increasing levels of inclusion of chondroitin and
glucosamine sulfates in broiler diets increased the
frequency of birds without deviations (valgus and varus)
and minimize the with gait score. Chondroitin and
glucosamine sulfates are nutraceuticals that have the
functions to prevent and treat injuries to the locomotor
system (Kamarul et al., 2011; Kantor et al., 2014; Wolff,
2014; Lubis et al., 2017) and reduce pain caused by
locomotor problems (Wolff et al., 2014). In addition,
these glycosaminoglycans modulate the expression of
osteoprotegerin and receptor activator of nuclear factor
kappa B ligand, the 2 main factors involved in bone
remodeling, with a protective effect on bone loss (Tat
et al., 2007). These functions explain the positive results
in reducing the frequency of valgus and varus deviations
and the gait score.

The reduction in femoral degeneration of broilers by
including increasing levels of glucosamine sulfate may
have occurred because the glycosaminoglycan has
anabolic (Varghese et al., 2007; Uitterlinden et al.,
2008; Wen et al., 2010; Chiusaroli et al., 2011) and anti-
catabolic properties (Imagawa et al., 2011; Jawed et al.,
2011; Taniguchi et al., 2012), which contribute to the
protection and repair of cartilage. According to
Varghese et al. (2007), glucosamine increases cartilage
extracellular matrix components, such as aggrecan and
type II collagen, which contribute to better cartilage
structure and repair. Wen et al. (2010) and Chiusaroli
et al. (2011) demonstrated that oral administration of
glucosamine sulfate significantly decreased osteoar-
thritis in rats, increasing chondrocyte anabolism and
reducing cartilage degradation.

In addition, Ryczko et al. (2016) found that glucos-
amine contributes to the synthesis of proteoglycans
and glycoproteins, as it regulates intermediate meta-
bolism, increasing hepatic levels of uridine
diphosphate-N-acetylglucosamine, a necessary substrate
in multiple protein glycosylation pathways. Uitterlinden
et al. (2008) showed that glucosamine increases the
production of hyaluronic acid in the synovium, which
is important for joint lubrication. Moreover, it has inhib-
itory effects of the activation of metalloproteinase
expression on the reported degenerative process and



Table 6.Proliferating cartilage area (PCA), hypertrophic cartilage �area (HCA) and total area (TA) of tibia of broilers at 42 d
of age, supplemented with chondroitin and glucosamine sulfates in the diet.

Parameters
Chondroitin1

(CO, %)

Glucosamine2 (GLU, %)

Regression Mean SEM

Probability

0 0.15 0.30 CO GLU CO x GLU

PCA (mm2) 0 28.71 28.56 29.52 ns 29.94 0.45 ns L (0.028) ns
0.05 29.17 30.55 30.13 ns 29.95
0.10 29.49 30.64 31.01 ns 30.38

Regression ns ns ns
Mean 29.12 29.96 30.22

HCA
(mm2)

0 45.62 44.32 44.32 ns 44.75 0.94 ns ns ns
0.05 43.50 44.32 45.86 ns 44.56
0.10 44.52 45.43 43.20 ns 44.38

Regression ns ns ns
Mean 44.55 44.69 44.46

TA (mm2) 0 131.24 130.61 132.24 ns 131.36 1.31 ns ns ns
0.05 129.77 131.32 133.67 ns 131.59
0.10 133.30 132.82 132.12 ns 132.76

Regression ns ns ns
Mean 131.43 131.58 132.70

Abbreviations: L, linear; ns, not significant.
1([C14H21NO14S]n, Biofac A/S) purity of 91.27%.
2([C6H14NO5]2SO4 x 2KCl, Zhejiang Golden-Shell Pharmaceutical Co. Ltd.) sulfate content 16%.
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anti-inflammatory action (Imagawa et al., 2011; Jawed
et al., 2011; Tanigushi et al., 2012).

Biomechanical tension exerted on the structurally
immature epiphyseal cartilage of the leg bones causes
microfracture and formation of cartilage fissures, which
contribute to the formation of osteochondrosis lesions
and hence a higher prevalence of lameness in broilers
(Widerman et al., 2012). It is the first time that
chondroitin and glucosamine sulfates have been assessed
for locomotor problems of broiler chickens, and the
results show evidence that glycosaminoglycans could
significantly reduce such problems.

Areas of tibial growth plate zones have been used to
study the incidence of tibial dyschondroplasia in broiler
chickens (Oviedo-Rond�on et al., 2001; Franco et al.,
2004; Ospina-Rojas et al., 2018). Tian et al. (2013)
have demonstrated that broilers with tibial dyschondro-
plasia had a reduction in the growth plate, with a low
number of chondrocytes in the proliferating cartilage
area. The inclusion of increasing levels of glucosamine
sulfate improved the proliferating cartilage area of
chondrocytes owing to its chondro-stimulating property
(Wen et al., 2010; Chiusaroli et al., 2011; Imagawa et al.,
2011).

Wolff (2014) reported that the association of
chondroitin and glucosamine sulfates has increased the
proliferation of the growth plate of the tibial epiphyseal
disc and bone formation in ovariectomized rats, with
organized cell arrangement, increased the number of
resting and proliferative chondrocytes, proliferative
zone thickness, trabecular bone area, and reduction in
the resting and hypertrophic zone thickness.

A high WG and mean weight was observed with the
inclusion of increasing levels of glucosamine sulfate,
probably because of the positive results regarding loco-
motor problems of broiler chickens. N€a€as et al. (2009)
provided evidence that broilers with lameness spend
less time on standing activities because of chronic pain,
which compromises welfare and results in low feed and
water intake (Weeks et al., 2000). Sgavioli et al. (2017)
and Santos et al. (2019) confirmed this hypothesis and
concluded that chondroitin and glucosamine sulfates
were effective in improving feed conversion and breeding
viability owing to the positive results regarding bone and
cartilaginous development of broilers.
In addition, glucosamine sulfate favors nutrient

transport and regulates intermediate metabolism by
increasing hepatic levels of uridine diphosphate-N-
acetylglucosamine, a necessary substrate for multiple
protein glycosylation pathways (Ryczko et al., 2016).
Thus, chondroitin and glucosamine sulfates can be

used in the diet of broiler chickens to reduce their
locomotor problems.However, ideal inclusion levels could
not be established because of the increasing linear effects,
and therefore, further studies should be conducted.
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