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Use of coffee husks — comparison of pellet
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Abstract

Background The study aimed to evaluate the influence of wheat straw and different coffee husk (CHs) levels in pel-
let bedding on its quality, broiler chickens' performance, meat quality, and welfare indicators. In total, 200 Ross 308
chickens were divided into 4 groups: C — control with wheat straw pellet; CH10 — pellet with 10% CHs, CH25 - pellet
with 25% CHs, and CH50 — pellet with 50% CHs. During 42 days of rearing, each bedding’s physicochemical features
were analyzed. The production results were controlled, and the footpad dermatitis, hock burns, and feather quality
were assessed. From chosen birds, carcass composition was analyzed, as well as the qualitative features (color, water-

holding capacity, drip loss) and breaking bone strength.

dence in groups CH25 and CH50.

Results The bedding material and rearing days influenced the content of dry matter, crude fiber, nitrogen, phos-
phorus, potassium, NDF, ADF, and pH. The results were inconclusive. The increasing trends in nitrogen, phosphorus,
and potassium content were noticed at the end of rearing. Strong coefficient determination in bedding features
was found (0.580 — 0.986). The pellet with CHs had no adverse effect on the growth performance of broilers. In

the CH50 group, a lower fat percentage was found. A beneficial effect on water-holding capacity was noticed in leg
muscles from CH10 and pectoral muscles from CH25. A significant decrease was found in footpad dermatitis inci-

Conclusions It can be concluded that CHs reuse in broilers as the pellet bedding material is possible due to the ben-
eficial effect on some meat quality features and no adverse effect on the performance of broiler chickens. The positive
impact on lower foot pad dermatitis incidence indicated the possibility of using CHs in pellet bedding.
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Background

Coffee production is recognized worldwide, with an
annual value of $ 200 billion, assuming 10.5 million tons
of coffee beans. Roasted coffee is produced from coffee
beans, a product destined for the consumer market [1].
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The largest coffee exporters are Brazil, Colombia, Viet-
nam, and Indonesia [2]. Poland is one of the leaders (10%)
among coffee market customers, and the import of coffee
grains amounted to 160 thousand tons [3]. By-products
(coffee husks (CHs) and pulp) are produced in coffee
roasters, and combustion may pollute the environment
[4, 5]. CHs are the subject of research on the possibility
of their use as fuel, alternative energy, material for pro-
ducing biodiesel, biogas, biomass briquette, and even
fermentable sugars and fertilizer [2, 6-9]. Using CHs as
bedding material can be a solution to manage waste and
counteract environmental pollution [10].
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The CHs might also be used in animal production
[11]. As indicated by the cited authors, the commonly
used materials for bedding are sawdust, rice husks,
sugarcane pulp, sugarcane bagasse, chopped straw,
paper mill by-products, sand, and wood shavings, corn
cobs, oat hulls, dried leaves, CHs. Ortiz et al. [12, 13]
concluded that CHs as bedding (non-pelleted) affected
the production results of broiler chickens. Bedding
should be cheap, available, non-toxic, and usable as
a fertilizer, and its quality (adequate moisture, physi-
cal structure) affects the growth, quality of the meat,
and the condition of foot pads [14]. Pelleted bedding
is often used in poultry production since it ensures
higher floor hygiene, is beneficial for poultry con-
dition, and improves growth performance [15, 16].
Lower footpad lesions were noticed when the pel-
let was used compared to the chopped straw bedding
[15]. Footpad dermatitis, one of the welfare indica-
tors, is one of the most common diseases of foot pads,
affecting the health status of poultry. It is manifested
primarily by hyperkeratosis, scaly lesions, abrasions,
ulcerations, swelling, cracks, bleeding, inflammation,
and tissue necrosis in the foot pads [17]. Depending
on the material used, the bedding may change its phys-
icochemical properties during the rearing of broiler
chickens, which is crucial for further reuse [18].

The CHs contain 7 to 18% moisture, and in 100 g
of dry matter, 9.5 g of protein, 1.75 g of lipids, 5 g of
minerals, and 71.5 g of carbohydrates, on average. It is
also a rich source of potassium and other minerals [5].
CHs mixed with manure were reported to enrich the
fertilizer [3, 9, 10]. Using poultry manure as a fertilizer
can impact its quality. A good-quality fertilizer that
enriches the soil should contain an appropriate level of
nitrogen and other nutrients and have suitable phys-
icochemical properties, including the pH value related
to soil acidification [19].

Thus, using CHs from local coffee roasters as bed-
ding material for broiler chickens may have poten-
tial. Poultry manure is a good fertilizer and indicates
an increased possibility of using waste. Following
pro-environmental activities it aligns with the cur-
rent poultry production trends and challenges. Using
waste coffee by-products might increase the poultry
producer’s competitiveness and the producer of pellet
bedding. Eser et al. [20] concluded that reusing waste
products as bedding is essential for the environment.

The study aimed to evaluate and compare the phys-
icochemical qualities of pellet bedding, growth per-
formance, carcass features, meat quality, footpad
dermatitis, hock burns, and feather scoring as welfare
indicators of broiler chickens kept on pellet bedding
with the use of CHs at different levels.
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Results

The coffee husks (CHs) used in our experiment were
characterized by dry matter at the level of 93.98 (+0.32,
within the material weight), crude fiber content—29.85
(£0.37), and pH value—6.46 (+0.08).

When analyzing the interaction of bedding material
and rearing days (Table 1), the highest dry matter was
found in the CH50 group on day 14 compared to the C
and CH10 groups on day 21 and all from day 28 to day
42 (P=0.001). The highest crude fiber content was found
in group C on day 1 (fresh wheat straw pellet), and the
lowest values were found on day 42 (P<0.001). Signifi-
cantly higher nitrogen content in the CH50 group on
day 1 was noticed compared to all groups on every rear-
ing day. Since day 7, the nitrogen content was lowered,
and on day 35 increased (P<0.001). Phosphorus content
decreased, and the potassium content increased within
rearing days. However, the highest phosphorus content
was found on day 42 in the C and CH10 groups and the
lowest in all groups on days 1 and 7 (P<0.001). Potassium
content in group CH50 on day 42 was the highest, and
the lowest was in group C on day 1 (P<0.001). Simulta-
neously, the highest NDF and ADF content was noticed
in the C group on day 1. The lowest values were found
on day 21 in group C (NDF) and for ADF — in CH10 and
CH25 groups on day 21 (P<0.001). When comparing pH
values, the highest in group CH10 on day 7 and the low-
est in the CH10 group on day 28 (P<0.001) were found.
A high coefficient of determination in the chemical com-
position of the bedding for the discussed features (adj. R?)
was demonstrated, ranging from 0.863—0.986. The value
of adj. R? for the pH value was medium—high—0.580.

Considering the bedding material effect, the highest
nitrogen content was found in the CH50 group and the
lowest in the C group (P<0.001). In turn, the potassium
content was lower in the C and CH10 groups than in the
CH50 group (P<0.001). In all groups where CHs pellets
were used, the pH was higher than in the control group
(P<0.001) (Table 1).

During rearing, the dry matter and the crude fiber con-
tent decreased (P<0.001). Nitrogen content decreased
until day 21 and increased from day 35 (P<0.001). An
increasing trend in phosphorus content was found
(P<0.001), similarly to potassium (P<0.001). The content
of NDF and ADF decreased each week of rearing, and
from days 28—35, there was an increase (P<0.001). Also,
the pH value of the bedding material (without division
into its type) decreased on day 14 and increased on day
35 (P<0.001) (Table 1).

The physical properties of freshly prepared pellet bed-
ding made of wheat straw or with the share of CHs at
10, 25, and 50% are presented in Table 2. No statistically
significant differences were found in the pellet cutting
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Table 1 Chemical composition and pH value of pellet bedding

Days Groups' Drymatter Crudefiber  Nitrogen  Phosphorus  Potassium  NDF? ADF? pH
1 C 82.92% 42712 249 0.07 0.38° 75.96% 4674 6.44°<¢
CH10 80.53%¢ 40.99% 417° 0.06 073™ 72.15° 44,06 6.60°°
CH25 81.98%¢ 4000 6.32° 0.06 091'm 71.27° 4436° 6.58%
CH50 81.96%¢ 36.54% 9.10° 0.06 110k 632200 4275 6.60%°
7 C 770435 4229% 2.60' 0.09 0.44°P 67939 41010 6.24°f
CH10 77.27%¢ 4181% 417° 0.09 061™ 69.10° 42 .43% 6.70°
CH25 78.83%¢ 4053 403 0.10" 0.80™ 6530°  4246% 6.60°°
CH50 77.42%¢ 36.32% 402 0.09 1104 66.90%  4134%0 659
14 C 77.20%¢ 36.45% 135M 0.209" 068™ 61.64" 40989 6.24%
CH10 81.53%¢ 37.70< 138M 0.18%" 0.72m" 62049" 40717 6.35°4f
CH25 83822 35.819% 169 0.18%" 0.93¢ 64049 40837 64504
CH50 82.97% 3459° 1.984 0.16" 1.06M 67319 3847M 6.35°%¢f
21 C 74.19c¢f 30.27' 181! 0.30° 1074 62869 3638k 6.30%f
CH10 75.24b¢de 3017 2,18k 0.29° 118 57.26/ 3484 % 6.40°%
CH25 78.55%¢ 31.99' 2,001 023 1190 5867 3534F 6.36°%
CH50 79.35%¢ 31.31f 217k 0219 1.35M 57.19Y 37.75M 6.49°<¢
28 C 60.32" 25.999" 2730 043¢ 1.65¢f 5445k 36.970 6.39%
CH10 67.32fh 26339 2470 0.35¢ 1.509" 5536 37170 6.19
CH25 67.57¢h 30.40' 262" 0.34° 15419 56.76) 37.25 6.33%f
CH50 69.25%9 29.93f 268" 033° 1.70%f 5775 3897" 646"
35 C 64,63 23230 3339 0.56° 2,00 61350 4125%f 654
CH10 62.509" 24,759 340 049 185 62779 4140%" 6515
CH25 68.6419 24,259 3029 0.44¢ 1.734 6303 4066 6.52°
CH50 62.319" 23.75N 3239 0474 184 62.169" 413190 g 475
42 C 4060 1953k 3.80% 0.64° 207 62.949"  41.13%0 6.38°
CH10 4027 19.72% 3.58°f 063° 2.08%° 64159 4185%"  g48bd
CH25 5040 2179k 3379 0.55% 1.955¢ 62469 40299 6.43°
CH50 4409 2067" 3.55¢f 0.59%° 2.20° 62689 41099 6475
SEM? 081 045 0.09 0.01 0.03 031 0.17 001
P-value interaction: Bx D 0.001 <0.001 <0.001 <0.001 <0.001 <0001 <0001 <0.001
Adj.R%® 0.863 0.962 0.986 0.956 0.961 0.938 0.894 0.580
C 68.13 3149 259 033 1.19° 6387 4064 6.36°
CH10 69.24 31.64 3.055 030 1.24° 63.26 4035 6.46°
CH25 72.83 3211 3.29% 027 1.29% 63.08 4017 6.47°
CH50 71.05 3044 3.82° 027 148 6246 4024 6.49°
P-value bedding material (B) <0001 <0001 <0.001 <0001 <0001 <0001 0020 <0001
1 81.84° 40,06 552° 0.06" 0.78° 70.65° 4448 6.55°
7 77.64° 4024° 3.71° 0.09 0.74¢ 67.31° 4181° 6.53°
14 81.38? 36.14° 1.60¢ 0.18¢ 0.85¢ 63.76° 40.25¢ 6.35¢
21 76.84° 30.93¢ 2,044 0.26¢ 1.20¢ 58994 36.07¢ 6.39<
28 66.12° 2816 263 0.36° 1.60° 56.08° 37.59¢ 6.34
35 64.52° 23.99° 3.255¢ 0.49° 1.85° 62.33¢ 41.15° 6.51%
42 43849 2043 357° 0.60° 2.08° 63.06° 41,09 644"
P-value days of rearing (D) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

b yalues marked with different letters differ within groups (bedding material or days), with P-value < 0.05

' C, wheat straw pellet; CH10, pellet with 90% of wheat straw and 10% of coffee husks; CH25, pellet with 75% of wheat straw and 25% of coffee husks; CH50, pellet
with 50% of wheat straw and 50% of coffee husks

2 NDF, neutral detergent fiber

3 ADF acid detergent fiber

4 SEM standard error of the mean

5 adj. R? adjustable coefficient of determination
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Table 2 Physical features of freshly prepared pellet bedding and used litter scale

Item’ Group? SEM3 P-value
C CH10 CH25 CH50

Firmness (N) 75.96 105.61 90.86 96.78 523 0.256

Toughness (N*sec) 4563 7047 64.98 43.00 5.95 0316

Absorptive capacity (%) 24 h 52343 521.89 522.69 51543 532 0.958

Absorptive capacity (%) 48 h 496.83 486.00 515.00 496.83 440 0.129

Litter assessment scale (points) 3.10° 1.60° 1.00P 130P 020 <0001

! Litter assessment scale, 5-points scale modified from Welfare Quality Assessment Protocol (Welfare Quality R Consortium, 2009)

2 Ccontrol group kept on the wheat straw bedding; CH10, group held on the bedding with 10% of coffee husks and 90% of wheat straw; CH25, group kept on the
bedding with 25% of coffee husks and 75% of wheat straw; CH50, group held on the bedding with 50% of coffee husks and 50% of wheat straw

3 SEM standard error of the mean

strength (P=0.256, 0.316). The water absorption capacity
of all the proposed pellets was approximately five times
higher than the initial weight of the bedding. By meas-
uring the bedding moisture content on a 5-point scale
(subjective assessment), it was shown that the bedding
quality (higher moisture content) was statistically signif-
icantly worse in the control group (3.10 points) than in
the groups kept on a pellet with CHs (1.00 — 1.60 points)
(P<0.001).

In Table 3, the production results of broiler chickens
are presented. At the beginning of rearing, deaths from
8 to 12% of birds were recorded in groups. However, it
was related to the poor condition status of the chicks in
the first week of rearing. The body weight and feed intake
indicators were similar in all of groups. Only in the fourth
week of rearing in the CH10 group, where chickens were
kept on a pellet with a 10% share of CHs, the growth rate
was significantly lower than in the CH50 group, where
chickens were kept on a pellet with a 50% share of CHs
(P=0.019).

Carcass weight with offal was significantly lower in
the CH25 (P=0.004) and CH50 (P=0.015) groups than
in the C group, as well as the pre-slaughter body weight
(P=0.004; 0.025, respectively) and carcass weight
(P=0.004; 0.018, respectively). The heart weight in the
CH25 group was significantly lower than in the C group
(P=0.004), as was the weight of the pectoral muscles
(P=0.034). In the CH50 group, the weight of skin with
subcutaneous fat in the carcass was significantly lower
than in the other groups (P=0.001). The weight of total
fatness was lower in the CH50 group than in the C group
(P=0.018). In group C, a significantly higher carcass
remains weight was demonstrated compared to groups
C25 (P=0.015) and C50 (P=0.029) (Table 4).

However, the carcass yield was similar in all groups
(72.20-73.57%, P=0.219). The percentage of skin with
subcutaneous fat in the carcass was lower in the CH50
group compared to the others (P=0.001). On the other

hand, the percentage of abdominal fat in the CH50
group was significantly higher than in the C group
(P=0.011). The share of fatness in the carcass in the
CH50 group was significantly lower than in the CH25
group (P=0.026) (Table 5).

In Table 6, the qualitative physicochemical charac-
teristics of broiler chickens’ pectoral and leg muscles
are presented. Muscle acidification (pH) was similar
in all groups (5.88-5.91). Pectoral muscles from the
CH25 group showed a significantly lower water-hold-
ing capacity value (WHC) than in the CH10 group
(P=0.016). In leg muscles, a significantly higher yellow-
ness (b*) value was demonstrated in the CH10 group
compared to the C group (P=0.017). In the CH25
group, the highest WHC of leg muscle was found com-
pared to group C (P=0.033), group CH10 (P<0.001),
and group CH50 (P<0.001). At the same time, the
CH10 group was characterized by the lowest WHC in
leg muscle compared to groups C (P=0.033) and CH25
(P<0.001).

Footpad dermatitis (FPD) was assessed follow-
ing the point scale (Table 7). The significantly highest
share of chickens in the CH25 and CH50 groups with
a score of 0 (95.78-98%), and no lesions were found,
compared to the control group (58%). On the other
hand, significantly, the highest share of broilers with
tiny skin lesions as well as discoloration and superfi-
cial changes indicative of hyperkeratosis (score 1) was
found in group C (42%), compared to groups C25 and
C50, where the share of birds with FPD was 2.00—
4.22%. Similarly, significant differences were found on
the point scale (P=0.024). Statistical analysis of hock
burns and feathers scoring showed no significant dif-
ferences between the groups (P> 0.05). Despite the lack
of statistical confirmation, a quantitative trend favored
a higher share of CHs in the pellet bedding. The table
does not show FPD score 2 and hock burns score 3; as
such, results were not noticed.
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Table 3 Growth performance of broiler chickens
Item’ Group? SEM? P-value
C CH10 CH25 CH50
Viability (%) 100 92 88 92 219 0277
BW (g) Day 1 38.22 38.76 38.22 37.82 017 0.289
Day 7 122.88 114.03 105.00 104.18 446 0434
Day 14 354.81 326.73 313.09 306.18 11.58 0.492
Day 21 743.26 72167 71332 685.79 14.50 0.604
Day 28 131844 1254.16 1280.10 1267.96 2523 0.850
Day 35 1921.68 1869.00 1852.28 1839.57 35.11 0.873
Day 42 2543.98 2453.70 2429.28 2404.78 4240 0.707
The growth rate (%) Week 1 104.99 95.99 89.05 93.11 3.66 0.495
Week 2 9713 96.57 100.35 98.38 1.38 0.803
Week 3 70.75 76.10 79.31 76.68 1.94 0.494
Week 4 55.78% 53.63° 57.03% 59.56° 076 0029
Week 5 37.25 39.57 36.66 36.58 0.81 0.554
Week 6 27.89 27.38 26.80 26.65 1.07 0.980
ADBWG (g) Days 1-14 2261 2057 19.63 19.17 0.82 0492
Days 15-35 74.61 7344 73.29 73.02 132 0.061
Days 36-42 88.90 83.53 8243 80.74 335 0.864
Total 59.66 57.50 56.93 56.36 1.01 0.707
ADFI (g) Days 1-14 35.24 33.34 3233 31.95 0.83 0.539
Days 15-35 127.51 126.98 124.81 127.54 112 0.828
Days 36-42 150.70 153.22 14848 148.04 1.27 0.480
Total 100.62 100.38 99.80 99.35 0.77 0.118
FCR (kg/kg) Days 1-14 1.56 1.65 1.70 1.68 0.04 0.606
Days 15-35 1.71 1.75 1.70 1.76 0.03 0.896
Days 36-42 1.71 1.84 2.06 1.84 0.11 0.722
Total 1.69 1.76 1.77 177 0.03 0.816
EPEF 359.22 315.63 292.23 303.07 14.27 0.388
EBI 353.82 310.72 287.65 29833 14.10 0.389

a b different letters in the row show statistically significant differences between the groups, P-value <0.05

T BW body weight, ADBWG average daily body weight gain, ADFI average daily feed intake, FCR feed conversion ratio, EPEF European Production Efficiency Factor, EBI

European Broiler Index

2 C control group kept on the wheat straw bedding, CH10, group held on the bedding with 10% of coffee husks and 90% of wheat straw, CH25, group kept on the
bedding with 25% of coffee husks and 75% of wheat straw, CH50, group held on the bedding with 50% of coffee husks and 50% of wheat straw

3 standard error of the mean

Discussion

Zivkov Balos et al. [21] analyzed the chemical composi-
tion of various bedding materials (cellulose pellets, wood
chips, peat, and pH stabilizers). The authors showed
moisture, pH, nitrogen, potassium, and phosphorus con-
tent changes over 5 weeks. An increase in humidity was
also demonstrated. The content of nitrogen, potassium,
and phosphorus increased with the passage of successive
days of broiler rearing, as in our research. It may indicate
a high nitrogen content of wheat straw and CHs, shown
in fresh bedding material. The decrease in the content of
substances (including nitrogen) may be related to their
natural release, and the increase in the following days was

caused by chicken manure [22, 23]. The fiber content in
bedding material (wheat straw, clover straw, cornstalk
chip, sugarcane top chips, chopped palm spines, corn ear
husks) in the study by Farghly et al. [14] was in the range
of 20.30—40.30%. Similar results were obtained in our
study (20.43—40.24%). The proportion of lignin causes
a higher proportion of fiber as the main component of
plant tissue [24]. Adding the CHs may have reduced the
lignin level in the litter. Higher fiber content facilitates
digestion by chickens [24]. A similar mechanism can
be found in the distribution of manure. The lower fiber
content (lignin) could be related to the faster degrada-
tion of the used bedding material [25]. As described by
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Table 4 Weight of the broiler chicken carcass and its elements
Item (g) Group' SEM? P-value
C CH10 CH25 CH50
Pre-slaughter body weight 2721.50° 2539.10% 2464.90° 2515.90° 28.09 0.004
Carcass weight 2002.59° 1862.40%° 1784.66° 1818.20° 2403 0.004
Carcass with offal weight 2094.25° 1952.15% 1875.02° 1907.20° 2401 0.003
Heart 15472 13.33% 12.09° 13.84% 0.36 0.006
Liver 51.79 4886 51.59 4940 138 0.842
Gizzard 2440 27.56 26.68 25.76 107 0.766
Neck 64.36 62.70 59.97 60.17 159 0.740
Pectoral muscle 609.34° 552.60%° 523.76° 581.43% 1140 0.042
Leg muscle 39297 394.55 367.96 355.01 7.2 0.133
Total muscle 1002.31 947.15 891.72 936.44 15.86 0.099
Skin with subcutaneous fat 183.35 168.36° 168,63 140.96° 405 0.001
Abdominal fat 15.71 18.89 17.55 2291 112 0.129
Fatness 199.06° 187.25% 186.18% 163.87° 435 0.029
Wings with skin 182.38 179.66 17562 17961 2.58 0.843
Carcass remains 55448 485.64%° 471.17° 478.11° 10.36 0010

&b different letters in the row show statistically significant differences between the groups, P-value <0.05

' C control group kept on the wheat straw bedding, CH10 group held on the bedding with 10% of coffee husks and 90% of wheat straw, CH25 group held on the

bedding with 25% of coffee husks and 75% of wheat straw, CH50 group held on the bedding with 50% of coffee husks and 50% of wheat straw

2 SEM standard error of the mean

Table 5 Slaughter yield of broiler chicken and carcass elements percentage

Item (%) Group' SEM? P-value
C CH10 CH25 CH50
Slaughter yield 7357 7334 7240 72.20 0.28 0.219
Slaughter yield with offal 76.93 76.90 76.06 75.76 0.25 0.233
Heart 0.78 0.72 0.68 0.76 0.02 0.222
Liver 258 2.64 290 274 0.08 0.533
Gizzard 1.22 1.50 1.50 145 0.07 0.395
Neck 322 337 3.36 3.30 0.08 0.904
Pectoral muscle 3046 29.69 29.31 31.82 037 0.072
Leg muscle 30.23 29.96 29.76 2893 0.99 0973
Total muscle 50.06 50.87 49.94 51.33 041 0.593
Skin with subcutaneous fat 9.13° 9.05° 9.44° 7.78° 0.17 0.001
Abdominal fat 077° 101% 0.98%® 1.25° 0.06 0.021
Fatness 9.90% 10.06°° 10422 9,03° 0.18 0036
Wings with skin 9.14 9.64 9.84 9.89 0.12 0.121
Carcass remains 27.69 26.06 26.44 2645 045 0.611

b different letters in the row show statistically significant differences between the groups, P-value < 0.05

' C control group kept on the wheat straw bedding; CH10 group held on the bedding with 10% of coffee husks and 90% of wheat straw, CH25 group held on the
bedding with 25% of coffee husks and 75% of wheat straw, CH50 group held on the bedding with 50% of coffee husks and 50% of wheat straw; 2SEM, standard error

of the mean

the authors [21], the nitrogen content is related to ammo-  content of particular components may result from using
nia, and its higher share in used litter indicates its higher  different bedding materials, rearing technology, poultry
accumulation and abundance. It suggests the possibility  houses’ hygiene, as well as the protein content of the feed.
of using manure as fertilizer. Differences between the  Garces et al. [26] investigated the quality of various types
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Table 6 Physicochemical features of broiler chicken’s muscles and the breaking strength of the leg bones

Item’ Group? SEM3 P-value

C CH10 CH25 CH50

Pectoral muscle pH,, 5.90 5.88 591 5.88 0.01 0.707
L*—color 52.08 5246 52.20 5032 0.50 0428
a*—color 253 268 281 279 0.13 0.870
b*—color 4.63 440 4.70 412 0.26 0.864
Drip loss (%) 152 1.58 1.73 138 0.16 0.900
WHC (%) 35.05% 37452 32.52° 356220 0.60 0.028

Leg muscle L*—color 50.50 51.99 50.58 4957 044 0.286
a*—color 7.03 8.90 943 8.85 0.39 0.147
b*—color 4.40P 6.66° 5.26% 5.20% 0.28 0.027
WHC (%) 3560° 33.04° 4069° 34385 0.55 <0001

Breaking strength of tibia bone (N) 340.52 284.04 27617 33833 14.36 0.231

Breaking strength of femur bone (N) 200.71 21034 211.92 240.36 10.55 0.588

b different letters in the row show statistically significant differences between the groups, P-value < 0.05

' L*—lightness; a*—redness; b*—yellowness, WHC water-holding capacity

2 C control group kept on the wheat straw bedding, CH10 group held on the bedding with 10% of coffee husks and 90% of wheat straw, CH25 group held on the
bedding with 25% of coffee husks and 75% of wheat straw, CH50 group held on the bedding with 50% of coffee husks and 50% of wheat straw

3 SEM standard error of the mean

Table 7 Incidence and footpad dermatitis score, hock burns, and the feather quality

Item’ (% in groups) Group? SEM? P-value
C CH10 CH25 CH50
FPD score 0 58.00° 87.78%° 98.00° 95.78? 544 0.024
FPD score 1 42.00° 12.20% 2.00P 4200 554 0.024
FPD score, points 21.00° 6.11% 1.00° 2110 277 0.024
Hock burns score 1 66.00 7733 81.70 73.06 336 0424
Hock burns score 2 34.00 2267 18.30 26.94 3.36 0424
Feather score 1 0.00 0.00 222 4.22 0.88 0.275
Feather score 2 46.00 47.37 5540 64.06 417 0418
Feather score 3 54.00 5041 4238 31.72 435 0.288

b different letters in the row show statistically significant differences between the groups, P-value < 0.05

' FPD score: 0, indicated no or very small superficial changes, slight discoloration of the skin of the sole, and mild hyperkeratosis; 1, indicated mild skin changes and
discoloration, as well as superficial changes, dark warts, and hyperkeratosis; 2; indicated severe lesions, ulcerations, and crusts, as well as signs of hemorrhages and
swollen soles of the paws; Hock burns score: 1, no burns; 2, moderate burns; 3, severe burns; Feather score: 1, no visible skin, full feather coverage; 2, relatively small

area of skin exposed; 3, rather large skin exposure area

2 C control group kept on the wheat straw bedding, CH10 group held on the bedding with 10% of coffee husks and 90% of wheat straw, CH25 group held on the
bedding with 25% of coffee husks and 75% of wheat straw, CH50 group held on the bedding with 50% of coffee husks and 50% of wheat straw

3 SEM standard error of the mean

of bedding material (sand, coconut husk, rice hulls, grass,
newspaper, corn cob) and showed a much higher pH (on
day 0; 5.9-7.3, on day 35; 8.5-9) than in our research.
According to the authors, a pH below 7 is an advantage,
and the conversion of uric acid to ammonia is reduced at
such a low pH.

As the pH rises above 7, ammonia becomes more vol-
atile. The same conclusions were reported by Jie et al.

[18]. At the same time, a too-low (acidic) pH may favor
the growth of bacteria responsible for ammonia pro-
duction [21]. Thus, it can be argued that the CHs in the
litter positively affected the bedding quality due to the
significantly higher pH than in the wheat straw pellet.
Oliveira and Franca [5] described that CHs in the form
of compost could be considered a soil-strengthening
agent. It can have a physical effect on increasing water
retention in soil and improving its long-term quality.
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Therefore, manure with CHs has the potential to use
and manage waste.

Our research did not show the influence of pellet bed-
ding with the share of CHs on the production results
of broiler chickens. Monira et al. [27] found no differ-
ences in body weight, feed consumption rates, or sur-
vival of chickens reared on sawdust, rice husk, sugarcane
bagasse, or wheat straw. Similarly, no effect of the type of
bedding (sawdust, sand, and wheat straw) was shown by
Hafeez et al. [28]. Only in the 4™ week of rearing (own
research) a higher growth rate was demonstrated in the
group of chickens kept on pellet bedding with a 50%
share of CHs than in the group where the pellet bed-
ding contained 10% of CHs. Researchers demonstrated
better FCR in 10-day-old chickens on pellet bedding
than those kept on rice husks [15]. In our and Kheravii
et al. [15] research, no influence of the type of bedding
on growth performance in the whole rearing period was
found. Slight differences could be dependent on the con-
dition of the bedding and its consumption by the birds.
The differences in the growth rate of chickens may have
been due to the moisture content of the bedding in the
mentioned period. High-moisture bedding decreased the
growth rate [29]. The growth of broilers may be adversely
affected by an increase in the caking rate of bedding,
where clumping reduces movements and the correct
position of the chickens, thus presenting an inappropri-
ate posture for feeding [14].

The environment in which chickens are kept can
impact the birds’ development and meat quality char-
acteristics. It is related to the possibility of exposing the
birds to stress factors [30]. Oke et al. [11] showed a sig-
nificant effect of bedding material on the weight of thigh
muscles and intestines. Our study showed differences
in carcass composition, which may result from signifi-
cance values in pre-slaughter body and carcass weights
of chickens selected for slaughter. The percentage of indi-
vidual elements (especially muscles) was not significantly
different. Costa et al. [30] did not show the effect of the
used bedding (rice straw or shavings) on the quality char-
acteristics of Cobb 500 chicken meat.

Similarly, Haung et al. [31] investigated the effect of
bedding types (rice hulls, wood shavings, and coconut
hulls) on the efficiency of Ross broiler production and
showed no significant impact on the relative weight of
the abdominal fat. In contrast, the other authors found
a higher abdominal fat share from birds kept on the
wood shavings than on the sand bedding [32]. During
the evisceration of the carcasses, some of the abdomi-
nal fat deposited is lost, which can result in differences
in results [33]. However, in our research, despite signifi-
cant differences in the share of abdominal fat, the slaugh-
ter yield in all groups was maintained at a similar level.
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The differences between individual studies could be due
to the different types of bedding, housing conditions, and
even the genotype of birds.

Our research has shown a significant effect of add-
ing CHs to straw-based pellets on the presence of foot-
pad dermatitis (FPD). Sirri et al. [34] found less FPD in
chickens on wood-shaving bedding than chopped straw.
Yamak et al. [35] investigated the possibility of reus-
ing bedding in the rearing of broiler chickens. Com-
pared to the fresh bedding, an increase in FPD, caking,
and manure scores in the re-used bedding was noticed.
Cengiz et al. [29] analyzed the presence of FPD depend-
ing on the quality of the waste (unwetted or wetted, fresh
pine shavings, either as-is or screened to a particle size
of >0.5 cm or<0.5 cm, and used bedding with a particle
size 0f <0.5 cm). The authors concluded that early expo-
sure to wet bedding could increase the frequency and
severity of FPD, and the large particle size of the bed-
ding has a direct and negative effect on the development
of FPD. Skin changes on the chickens’ foot pads depend
on the moisture content of the bedding and its structure
[36]. If the 25% and 50% coffee husk bedding was drier
and did not form and clump, the CHs had a beneficial
effect on the bedding characteristics and, thus, a reduced
FPD level. Hunter et al. [37] state that litter moisture is
related to FPD. The authors showed that using pine shav-
ings bedding, litter depths of up to 12.7 cm, and dry
bedding was associated with improved foot pad qual-
ity. Organic matter appears on the litter during rearing,
including manure and feed remains. It can promote the
growth of microorganisms and modify the bedding’s
moisture content [10]. It could have a potential impact on
our results. However, feed effects must be ruled out as all
chickens were fed similarly. Suppose the bedding quality
affects the presence of FPD, which indicates the comfort
of birds and their performance ability. In that case, the
quality of meat and significant differences in our research
could be caused indirectly by the research factor (differ-
ent levels of stress feeling).

Conclusions

In conclusion, this study showed that the pelleted bed-
ding material, using coffee husks (CHs), strongly deter-
mines the chemical composition of the pellets. Along
with the increase in the share of CHs in the pellet, a
higher pH, nitrogen, and potassium content was dem-
onstrated on day 42. The chemical composition of the
pellets changed each week, which the chickens’ excre-
tions could also influence. The pelleted bedding with 25%
and 50% CHs significantly reduced the incidence of skin
lesions, leading to footpad dermatitis in broiler chickens.
It could be related to bedding dry matter on day 42. When
the highest dry matter was found, the lowest FPD was
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noticed. CHs did not have a negative effect on the per-
formance characteristics of chickens and lower fatness of
carcasses. The possibility of using CHs as a component in
pellet bedding material is suggested. Reusing CHs could
reduce waste disposal from the coffee industry, which
aligns with pro-environmental trends (zero waste), espe-
cially since worldwide coffee production (including local
coffee roasters) is still growing. Further research on the
relationship between the use of CHs and the health status
and incidence of footpad dermatitis in chickens should
be continued due to the limited literature.

Methods

Animal ethics

The study was conducted on a farm cooperated with the
Department of Animal Breeding and Nutrition, Bydgo-
szcz University of Science and Technology, Poland,
granted by the National Science Center, Poland (project
No. 2021/05/X/NZ9/00820). The study aimed to investi-
gate effects of the use of coffee husks in pellet bedding on
broiler chickens’ performance characteristics and welfare
indicators. All methods and procedures used in the study
were approved by the authors’ Institutional Animal Care
and Use Committee (Faculty of Animal Breeding and
Biology, Bydgoszcz University of Science and Technol-
ogy, Poland; Approval No. 2/2022). All methods followed
relevant institutional guidelines, the ARRIVE guidelines,
and the national legislation.

Animals and experimental groups

A total of 200 Ross 308 broilers, with a mean initial
weight of 38.26 g, were used in the experiment. One-
day-old broilers were bought from the Hatchery House
(Drobex-Agro Ltd., Solec Kujawski, Poland). The birds
were kept for 42 days of rearing. On day 1, the chickens
were divided into four equal groups. The birds within
the groups were split into five repetitions (10 birds per
pen). The pens were made of stainless steel mesh with a
usable area of 1.5 m% The birds were kept in the condi-
tions of a small-scale farm. From day 1, the birds were
provided with a room temperature of 32 °C (additional
heaters were provided). In the following days, the tem-
perature gradually decreased to 20 °C. Twenty-four hours
of light were provided for the first three days. Then, a
light cycle of 18 h and 6 h dark. From the 39" day, the
lighting time was extended to 23 h. The humidity in the
room was 60-65%. The keeping of the birds was carried
out according to the standard recommendations for rear-
ing broiler chickens. Each pen had a bell-shaped drinker
and a feeder (placed on the pen’s walls). Feed and water
were given ad libitum. The commercial diet was pur-
chased from a feed company (Golpasz, De Heus, Golub-
Dobrzyn, Poland). As the company declared, the feed was
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balanced regarding nutrients and dedicated to broiler
chickens. Three feeding phases were used: starter feed
(1-14 days), grower feed (15-35 days), and finisher feed
(36-42 days).

The control group (C) was kept on a wheat straw pellet
(100%) (Fig. 1). The experimental groups were kept on a
pellet made of a mixture of wheat straw and CHs: group
CH10, 90% wheat straw and 10% CHs (Fig. 2); CH25
group, 75% wheat straw and 25% CHs (Fig. 3); CH50,
50% wheat straw and 50% CHs (Fig. 4). The pellets were
prepared using a granulator (RTH-150 pellet mill) (Pel-
leto, Poznan, Poland). The CHs were obtained from local
coffee roasters in the Kuyavian-Pomeranian Voivodeship
in Poland. To each pen, 6 kg of the pellet was added one
day before the rearing started. The pellet preparation was
carried out under patent application pending procedure
number P.44383.

Features of bedding

Pellet bedding was sampled from each pen on days 1, 7,
14,21, 28, 35, and 42. The samples were collected in string
bags. Physicochemical analyses were performed. The dry
matter was determined based on the PN-ISO 6496:2002
method [38]. The crude fiber was determined based
on the PN-ISO 6865:2002 method [39]. In turn, acid

Fig. 1 Pellet bedding based on wheat straw (control group)
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Fig. 2 Pellet bedding based on 90% of wheat straw and 10%
of coffee husks

detergent fiber (ADF) and neutral detergent fiber (NDF)
were done based on the PN-EN ISO 13906:2009 [40]
and PN-EN ISO 16472:2007 [41] standards. The analysis
used the gravimetric method. The Kjeldahl method also
determined the nitrogen content. Phosphorus was deter-
mined by the photometric method. Potassium was ana-
lyzed by atomic absorption spectrometry (ASA) [42]. The
pH value was analyzed by potentiometry. The tests were
performed in 10 replications for each group (5 pens of 2
repetitions). The dry matter, crude fiber content, and pH
value of raw CHs were also analyzed.

The firmness and toughness of pellets were done using
the texture analyzer TA.XT plus C (Stable Micro Sys-
tem, Surrey, UK). A flat knife cut each piece of the pellet.
The test speed was 1.50 mm/sec. The pellet was placed
on a heavy-duty platform. The pellets’ absorptive capac-
ity was based on the method of Bilgili et al. [43]. 20-g
samples from each fresh bedding material were placed
in nylon socks and fully submerged in water for 24 and
48 h. At the end of each interval, the socks were hung,
gently massaged to drip, allowed to air-dry for 30 min,
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Fig. 3 Pellet bedding based on 75% of wheat straw and 25%
of coffee husks

and subsequently reweighed. The percentage ratio of the
sample weight to the initial weight was calculated.

After rearing, the bedding was assessed on the modi-
fied scale from the Welfare Quality Assessment Proto-
col (Welfare Quality® Consortium, 2009) described by
Hunter et al. [37]. Bedding moisture was assessed on a
5-point scale. Hand sampling was done. The ten samples
per group were collected in pens (near walls and between
the feeder and the drinker). The scoring was as follows: 0,
dry bedding moves easily when touched in hand; 1, bed-
ding moves less easily in hand but does not form a ball; 2,
bedding forms a ball when compressed, but it easily falls
apart; 3, bedding stays in a ball when compressed, wet
bedding; 4, bedding stays in a ball when compressed after
the compacted surface crust is broken.

Growth performance

The chickens were weighed (BW) during rearing, and
the daily feed intake (FI) was recorded. Based on the
obtained results, average daily body weight gain

(ADBWG):%, average daily feed intake
(ADFI)=

= Zmrownt of days’ feed conversion ratio (FCR)=_1! 1
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Fig. 4 Pellet bedding based on 50% of wheat straw and 50%
of coffee husks

Deaths of chickens were also recorded. The EPEF
(European Production Efficiency Factor) using the

wZ)Zﬁy(‘%’$‘ng(‘§))+10 and EBI (European
aysx FCR (@)

Broiler Index) using the formula (Yiabilty %) xADEWG(@) y . 10
FCR(é) ’

formula (

were calculated.

Slaughter yield and meat quality
On the 42" day of rearing, the chickens were weighed.
Then, two birds from each replicate (=10 in each
group) were selected for slaughter. The birds were
stunned using an electric current in a water bath (appli-
cable act: Council Regulation (EC) No 1099/2009 of 24
September 2009 on the protection of animals at the time
of killing). Then, decapitation was performed by cutting
off the head between the occipital condyle and the first
cervical vertebra. There was rapid bleeding of the carcass.
Carcasses were plucked in a mechanical plucker and evis-
cerated. The legs were severed at the hock. The eviscer-
ated carcasses and edible offal (heart, liver, and gizzard)
were chilled for 24 h in a refrigerator (Hendi, Poznan,
Poland) at 4 °C.

On the next day, the carcasses and offal were weighed.
Using a pH meter (Elmetron, Zabrze, Poland) equipped
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with a dagger electrode, the acidification of the muscle
tissue in the pectoral muscles was measured (PHyupours)-
The pH meter was calibrated using known pH buffers:
4.00, 7.00, and 9.00. Then, a dissection was performed
[44]. The neck (without skin), pectoral muscles (includ-
ing pectoralis major and minor), leg muscles (thighs and
shins, without bones), skin with subcutaneous fat (with
skin from the neck), and fat and wings with skin were dis-
tinguished. The carcass’ remains were the trunk and leg
bones (femur and tibia).

The slaughter yield of the carcass (with or without offal)

was calculated (carcass weight (g) (with or without offal) % 100%).
pre—slaughter weight (g)

Total muscle weight (sum of pectoral muscles and leg mus-
cles) and fatness (sum of skin with subcutaneous fat and

abdominal fat) were calculated. The percentage of all items in

carcass relement weight (g) o
carcass weight (g) x 100%).

The pectoral muscles (left and right) and the leg muscles (left
and right) were assigned for further qualitative analysis. Each
chicken’s right femur and tibia were used for breaking
strength analysis.

The right pectoral and leg muscles were analyzed for
color on the outer side. A colorimeter (Konica Minolta,
Tokyo, Japan) was used for the tests. The method was per-
formed on the CIE Lab-scale (Commission Internationale
de I'Eclairage) [45]. The colorimeter was calibrated using a
white calibration plate. Lightness (L*), redness (a*), and
yellowness (b*) of the muscles were determined. Based on
Honikiel’s [46] method, drip loss of the pectoral (right)
muscles was performed. The muscles were weighed (initial
weight), placed in zip bags (the inner bag was partially cut
in the lower part), and suspended in a 4 °C refrigerator for
24 h. The muscles were then reweighed (final weight). The
percentage of water loss was calculated. The pectoral and
leg muscles (left) were ground into a meat grinder within
the groups. The minced meat was intended for water-hold-
ing capacity (WHC) [47]. The samples were weighed (ini-
tial weight). The initial sample weight was 0.300 g
(+0.005 g). The samples were placed between two pieces of
Whatman 1 blotting paper, covered with a 2 kg load for
5 min, and weighed again (final weight). Similar to the drip
loss analysis, the percentage of water loss was calculated. A

formula 100 — (M> x 100% was used.
initial weight (g)

Analysis of bone-breaking strength (right femur and
tibia) was performed using the Instron 3345 apparatus
(Instron, Buckinghamshire, UK). It was integrated with the
Bluehill 3 software. Bone strength was analyzed using the
Instron Bend Fixture 10 mm Anvil adapter at a speed of
250 mm/min. The bones were placed between the clamps.
The maximum load and force at break (N) were measured.
Meat qualitative and bone-breaking strength’ analyses
were performed in 10 replicates. All the described analyses
were done in the research by Biesek et al. [48].

the carcass was calculated (



Biesek et al. BMC Veterinary Research (2023) 19:182

Welfare indicators - footpad dermatitis, hock burns,
and feather scoring
Footpad dermatitis (FPD) analysis was performed
according to the method described by Sorin et al. [49].
Data are presented as the percentage of individual skin
lesions on the soles of the feet (% of the herd). The assess-
ments were made on the soles of the feet of chickens
without soiling on the day of slaughter. One person made
the assessment. FPD score was as follows: 0, indicated no
or very small superficial changes, slight discoloration of
the skin of the sole, and mild hyperkeratosis; 1, showed
mild skin changes and discoloration, as well as superfi-
cial changes, dark warts, and hyperkeratosis; 2; indicated
severe lesions, ulcerations, and crusts, as well as signs of
hemorrhages and swollen soles of the paws.

Based on the collected data, the FDF score (points) was

calculated using the formula:

[100>< (0 FPD with a score of 0+0.5x FPD with a score of 1+2xFPD with a score)]
of 2 total number of FPD scored

Feather scores, or the degree of coverage of feathers on the
breasts, were recorded. Each bird was stroked by a keel with
the hand from front to back, and the amount of flesh vis-
ible through the pressed feathers was arbitrarily scored on
a three-point scale (1, no visible skin, full feather coverage;
2, relatively small area of skin exposed; 3, rather large skin
exposure area). The hock burns were scored using a three-
point scale (1, no burns; 2, moderate burns; 3, severe burns).
The assessment was done according to Thomas et al. [50].

Statistical calculation

The numerical data were calculated in a statistical pro-
gram (Statistica 13.3, 2017, Statsoft, TIBCO, Krakéw,
Poland). Each feature’s mean values and the mean’s stand-
ard error of the mean (SEM) were calculated. The data
were analyzed for the normal distribution and homo-
geneity of the groups (Shapiro—Wilk test, Levene test).
Statistically significant differences were verified with Tuk-
ey’s test, assuming a p-value<0.05. The interaction was
checked. Statistical models were used for one-way (Ypy,
rp=#+Cpp/Drp+epyyrp) and two-way (Ypypp=#+Cpy
+Dyp+CDpyvrp +€pmrp) @nalysis of variance, where Yy,
rp=the dependent variable; p, the overall mean; Cgy,
effect of bedding material (BM=C, CH10, CH25, CH50);
Dpp» effect of rearing days (RD=1, 7, 14, 21, 28, 35, 42);
CDgprpy interaction between bedding material and rear-
ing days; egyrpy residual error). The adjusted coefficient of
determination (adj. R?) was also calculated. In the Results
section, the overall P-value for bedding chemical composi-
tion was presented, and for production results and carcass
features — detailed P-value from Tukey’s test.

Abbreviations
ADBWG  Average daily body weight gain
ADF Acid detergent fiber
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ADFI Average daily feed intake

Adj. R? Adjustable coefficient of determination
BW Body weight

CHs Coffee husks

EBI European Broiler Index

EPEF European Production Efficiency Factor
FCR Feed conversion ratio

FPD Footpad dermatitis

NDF Neutral detergent fiber

SEM Standard error of the mean

WHC Water-holding capacity
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