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ABSTRACT

Rabbit meat has a high nutritional value. The cost of rabbit feed is high, and thus it is important to 
find alternative feed sources with reduced costs. The objective was to evaluate the effects of enzymes 
obtained from the spent substrate of Pleurotus ostreatus on carcass traits and meat characteristics 
of fattening rabbits in order to recommend an alternative additive for rabbit feed. Spent substrate 
of P. ostreatus with different levels of enzymatic activity was used to feed growing rabbits. Ninety-
sixty rabbits were selected and randomly distributed to four treatments: 0 (control without enzyme 
extract, C); 20000 (T20); 40000 (T40); and 60000 (T60) IU kg-1 of laccase enzymes from the spent 
substrate of P. ostreatus. The experiment included six repetitions (four animals each) per treatment. 
Rabbits were fattened over 28 d and productive performance parameters were determined. Then, 
the animals were slaughtered, and carcass traits and meat characteristics were measured. The results 
indicated that total weight gain, total feed consumption, total daily weight gain, hot carcass weight, 
and dressing percentage decreased (p<0.05) as the amount of enzyme increased. However, the T40 
treatment was similar to the control (p>0.05) for carcass traits, texture and pH, although L*, cooking 
loss and hardness recorded higher values (p<0.05). In conclusion, the spent substrate of P. ostreatus 
can be used to feed rabbits as some parameters of productive performance and carcass traits were 
similar to the control treatment.
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INTRODUCTION

Rabbit production is an important animal 
activity, which in some countries is associated 
with small producers. However, feed cost 
represents the largest proportion of the 
production process and accounts for 0.6 to 0.7 of 
the total costs (Maertens, 2010). One strategy for 
reducing feed costs is the use of agro-industrial 
byproducts. For example, Oseni and Lukefahr 
(2014) studied rabbit production in a specific 
low input system, indicating that there are 
many feedstuffs or agro-industrial byproducts 
that can be used due their nutritional quality. 
One of these byproducts is the spent mushroom 
substrate of P. ostreatus.

According to Grimm and Wösten (2018), P. 
ostreatus production generates five kg spent 
substrate per kilogram of mushroom and is 
considered as an agro-industrial waste. The 
authors also indicate that spent mushroom 
substrates can be used to feed animals, to 
make biofuel, to produce materials, and 
to obtain enzymes. P. ostreatus produces 
cellulases, xylanases and laccases (Iandolo et 
al., 2011). These enzymes, which are produced 
while growing edible fungi, can improve the 
digestibility of lignocellulosic materials used 
for mushroom cultivation (mainly wheat straw, 
corncob, and barley straw) and also increase 
some components such as crude protein, with 
benefits for animal feeding (Leong et al., 2022). 

There are some strategies for improving 
feed quality. One of them is using commercial 
exogenous enzymes as they increase the 
digestibility of fiber fractions, thereby 
improving the availability of nutrients to 
complement endogenous enzyme activity 
(Oijha et al., 2019). However, the high cost 
and accessibility of enzymes limits their use. 
An alternative for improving feed digestibility 
is the use of enzymes obtained from spent 
substrates of some fungi as indicated by 
Leong et al. (2022). Recently, some commercial 
enzymes have been used for feeding rabbits 
to increase productive performance and meat 
quality. Olorontula et al. (2018) fed rabbits with 
a commercial enzyme containing cellulase, 
phytase, protease, α-amylase, β-glucanase, 
and lipase. Abdullahi et al. (2020) fed rabbits 
with an exogenous enzyme and indicated that 
it degraded fiber. The objective of this work 
was to evaluate the effects of enzymes obtained 
from the spent substrate of Pleurotus ostreatus 
on carcass traits and meat characteristics 
of fattening rabbits for potential use as an 
alternative additive in rabbit feed.

MATERIALS AND METHODS

Enzymes from the spent substrate of Pleurotus 
ostreatus 

To obtain the enzyme extract, 250 g of spent 
P. ostreatus substrate were blended with 500 mL 
of distilled water in an Osterizer blender model 
4655-13 (Oster, Mexico City, Mexico). Eight layers 
of gauze were used to filter the mix, and then 
the supernatant was centrifuged at 10 000 rpm 
for 20 min at 21 °C. The supernatant obtained 
was used to measure soluble protein content 
and enzymatic activity. Levels of total soluble 
protein were determined using Bradford reagent 
(Brandford, 1976), while bovine serum albumin 
(BioChemika, USA) was used as standard in 
the citrate buffer (50 mM, pH 5.3). Absorbance 
was read at 595 nm. The enzymatic activity of 
xylanases, cellulases and laccases was measured 
according to Ayala et al. (2011). Briefly, the 
extract was mixed with xylose (100 µL + 900 µL, 
respectively) and incubated at 50 °C for 5 min. 
Subsequently, 1.5 mL of 3,5-dinitrosalicylic acid 
(DNS) was added and the mixture was boiled 
for 5 min. The samples were chilled on ice and 
absorbance was read at 540 nm. To determine 
cellulase activity, carboxymethylcellulose (CMC) 
plus enzyme extract (100 + 900 µL, respectively) 
were incubated for 60 min at 50 °C. After that, 
DNS (1.5 mL) was added, and tubes were heated 
for 5 min to measure the absorbance at 540 nm. 
Laccases were determined mixing 200 µL of 
enzymatic extract with 600 µL of citrate buffer 
(50 mM, pH 5.0). The tubes were incubated in a 
water bath (Cole-Parmer, USA) at 40 °C for one 
min, and then 200 µL of ABTS (2,2´ Azino-bis 
(3-ethylbenzthiazoline-6-sulfonic acid) in citrate 
buffer (50mM, pH 5.0) as substrate was added to 
measure absorbance at 420 nm. All the absorbance 
measurements were performed using a Jenway 
6305 spectrophotometer (Dunmow, Essex, UK).

Experimental design, animals, and feed
The protocol number CICUA/ICAP 001/2020 

indicates that this experiment was conducted 
according to guidelines on animal care of 
Universidad Autonoma del Estado de Hidalgo. 
A one-way design was used to analyze the 
four treatments:  Control (C) without enzyme 
extract; and 20000 (T20), 40000 (T40), and 60000 
(T60) UI kg-1 of laccase enzymes from the spent 
substrate of P. ostreatus. Ninety-six California x 
English pot rabbits (35 d of age) were selected, 
and randomly distributed to the treatments. 
The experiment included 6 repetitions (with 
4 animals each) per treatment. Rabbits were 
fattened at an experimental rabbitry for 28 d. 
Environmental conditions in the hutch were 20 
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°C of temperature and 70% of relative humidity. 
Automatic drinkers and manual feeders were 
adapted to cages (45 x 60 x 40 cm in size) to allocate 
the rabbits. To feed the rabbits, isoproteic (15% 
CP), isoenergetic (2.6 MCal.kg-1) and isofibrous 
(29% NDF and 17% ADF) diets (Table 1) were 
used to feed daily. Diets were designed to meet 
nutritional requirements recommended by the 
NRC (1977). A pellet machine model SKJ120 
(Yuezhen Machinery Co., Shandong, China) was 
used to manufacture the feed, which was then 
stored at room temperature.

Productive performance
To determine productive performance, the 

animals were weighed on a weekly basis and 
the feed was measured on daily basis using a 
Mettria MTNUV-40 digital scale (Mettria, Mexico 
City, Mexico). The obtained data were used to 
calculate average daily weight gain (ADWG), 
total weight gain (TWG), feed consumption, 
total feed consumption and feed conversion ratio 
(FCR). After the fattening period, rabbits were 
slaughtered by concussion, without fasting, 
according to the national legislation (NOM-
033-SAG/ZOO-2014). Before slaughter, length 
and lumbar circumference of the rabbits were 
measured (Garcia-Valencia et al., 2022).

Carcass and meat traits
Carcass and lumbar circumference were 

measured once rabbits were slaughtered (n=96). 
Afterwards, the animals were dismembered to 
obtain weights of different parts of the animal. 
Then carcasses were maintained in refrigeration 
at 6 °C for 24 h. Subsequently, the carcasses were 
sectioned as indicated by Blasco et al. (1993).

To measure meat color on loin surface 
(Longissimus lumborum) a Minolta CM-508d 
spectrophotocolorimeter (Minolta, Tokyo, Japan) 
was used. The instrument was setup to determine 
CIEL*a*b* color space, D65 illuminant and 10° 
standard observer (AMSA, 2012). To determine 
pH, a Hanna model HI99163 meat pH meter 
(Hanna Instruments, Cluj-Napoca, Romania) 
was used. Right loins (Longissimus lumborum) of 
the carcasses were used to determine cooking 
loss. The samples were put into a plastic bag and 
submerged in a water bath (StableTemp, Cole 
Parmer, USA), and then cooked until an internal 
temperature of 68 °C was reached. The samples 
were weighed once they were cold, and cooking 
loss values were calculated. After the loins were 
weighed, a texture profile analysis (TPA) was 
conducted according to Echegaray et al. (2022) 
with some modifications. Briefly, the cooked loins 
were divided into six cubes of 1 cm side, and then 

Table 1.  Diet formulation and chemical composition.

                                                                                           Treatments1

Ingredient C  T20 T40 T60
Ground corn, g kg-1 176 177 178 179
Ground sorghum, g kg-1 175 176 177 178
Dry Distilled Grains, g kg-1 37 37 37 37
Molasses (25 % MS), g kg-1 70 70 71 71
Soybean oil, g kg-1 25 25 26 26
Canola meal, g kg-1 38 38 39 39
Soybean meal, g kg-1 192 193 194 195
Barley Straw, g kg-1 277 186 93 0
Vitamins and minerals premix, g kg-1 9 9 9 9
P. ostreatus extract, g kg-1 0 88 176 266
Nutritional composition calculated    
Protein, % 16.00 16.00 16.00 16.00
Digestible energy, Mcal MS kg-1  2.5 2.5 2.5 2.5  
2 ADF, % 14.00 15.00 16.00 18.00
3 NDF, % 29.50 29.90 30.20 30.60
Calcium, % 17.80 17.76 17.71 17.60
Phosphorus, % 0.80 0.80 0.80 0.80
Sodium, % 0.40 0.40 0.40 0.40

1C= control treatment without enzyme extract, T20 = 20000, T40 = 40000, and T60 = 60000 IU kg-1 of 
laccase enzymes from the spent substrate of P. ostreatus. 2 ADF: Acid detergent fiber 3 NDF=Neutral 
detergent fiber
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placed perpendicular to the fibers on the base and 
compressed at 50% using P/25 aluminum probe 
with 1 mm s−1 of crosshead speed test. After the 
samples were compressed, a TA XTPlus texture 
analyzer (StableMicrosystems, Surrey, UK) 
was used. The texture parameters (hardness, 
resilience, cohesiveness and springiness) were 
calculated using Exponent software ver. 6.1.20.0 
(StableMicrosystems, Surrey, UK).

Statistical analysis
 A repeated time one-way design was used 

to analyze productive performance, while a 
completely random experimental design was 
used to evaluate carcass characteristics and meat 
traits. Then, all analyses were achieved using 
SPSS software (IBM, Chicago, IL, USA). The 
statistical model used to determine influence of 
treatment through time was: 

Yijk = µ + βi + τj+ βi(τj) + εijk,

where, Yij = dependent variable (weight, feed 
consumption), µ = mean, βi = fixed effect of 
i-th rabbit within the group, τj = time, βi(τj) 
= the behavior of treatment trough time and 
εijk = experimental error associated with each 
dependent variable Yijk.

Yij = µ + βi + εij,

in which Yij = dependent variable, μ = mean of the 
population, βi = the fixed effect of i-th rabbit of 
the group, and εij = experimental error associated 
with each dependent variable Yij.

RESULTS

An enzyme extract obtained from the spent 
susbtrate of P. ostreatus was used and its effects 
on productive performance, carcass and meat 
characteristics were determined. Variables 
measured to improve the productive performance 
are shown in Table 2. There were differences 
(p<0.05) among groups fed with the spent 
substrate of P. ostreatus with different enzymatic 
activity. Feed consumption, final weight, and total 
weight gain were lower (p<0.05) in the group T60 
for all weeks during the fattening period. Daily 
weight gain was higher (p<0.05) in the control 
group in weeks 2 and 3, while the control also 
recorded the highest value in terms of  total daily 
weight gain. Moreover, the feed conversion ratio 
was lower (p<0.05) in the control group. 

The carcass trait of rabbits that consumed 
enzymes from the spent substrate of P. ostreatus 
is shown in Table 3. Skin, gastrointestinal tract, 
carcass length, lumbar circumference, live weight, 
hot carcass weight, cold carcass weight, dressing 
carcass, head, and bone showed differences 
among treatments (p<0.05). In general, these 

Table 2.  Feed consumption and daily weight gain in rabbit feed with an enzyme extract from the 
spent substrate of Pleurotus ostreatus.

                                                                                    Treatments1 
Variable    C T20 T40   T60 SEM 
Feed consumption 1, g 624.25Aa 615.00Ba 569.50Ba 523.25Ba 22.38
Feed consumption 2, g 668.00Aa 442.75bCa 495.08Ba 372.75Bb 65.61
Feed consumption 3, g 656.75Aa 753.50ABa 549.91bBa 499.10Ba 127.03
Feed consumption 4, g 942.62Ba 883.67Aa 937.58Aa 840.49Aa 72.87
Initial weight, g 968.18a 1011.00a 909.68a 972.18a 37.89
Final weight, g 1960.90a 1750.00ab 1717.50ab 1602.18b 94.31
Total weight gain, g 992.72a 739.00b 807.81ab 630.00b 76.51
Total feed consumption, g 2997.15a 2677.74ab 2681.92ab 2328.52b 140.81
Daily weight gain 1, g d-1 38.83Aa 36.47Aa 40.31Aa 32.14Aa 3.10
Daily weight gain 2, g d-1 39.48Aa 12.90Cb 17.09Bb 8.30Bb 7.44
Daily weight gain 3, g d-1 32.33Aa 22.38BCab 19.37Bb 18.25Bb 4.79
Daily weight gain 4, g d-1 27.27Aa 29.24ABa 33.7Aa 27.38Aa 3.96
Total daily weight gain, g d-1 35.45a 26.39b 28.84ab 22.50b 2.73
Feed conversion ratio 3.10b 4.27a 3.50ab 4.07ab 0.39

ab Different superscript letters indicate significant differences among columns. AB Different superscript letters 
indicate significant differences among files only in feed consumption or daily weight gain. Tukey test (p<0.05). 1C= 
control treatment without enzyme extract, T20 = 20000, T40 = 40000, and T60 = 60000 IU kg-1 of laccase enzymes 
from the spent substrate of P. ostreatus.
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variables were higher in the control group, except 
for the gastrointestinal tract, head, and bone since 
they were similar among treatments. Carcass 
traits and meat characteristics were also similar 
(p>0.05) between the control and T20 groups. 
However, bone content was higher (p<0.05) in the 
T20 group compared to the control.

Meat characteristics are shown in Table 4. 
L* value increased (p<0.05) in response to the 
different levels of enzymes used. However, 
yellowness (b* value) and chroma decreased 
(p<0.05) when enzyme levels were high, and 
the control group recorded the highest values. 
Moreover, cooking loss increased (p<0.05) as the 
level of enzymes increased. All TPA parameters 
were lower (p<0.05) in the control group, but the 
parameters were similar among the groups fed 
with different levels of enzymes.

DISCUSSION

Daily feed consumption and daily weight gain 
were different among the treatments. Higher 
daily feed consumption was observed in the 

control group, thereby contributing to better daily 
weight gain, which can be confirmed with a high 
total weight gain and total feed consumption. 
It was only during the last fattening week that 
all groups showed similar behavior in some 
productive performance parameters. These 
relationships indicate a lower feed conversion 
rate in the control group. Piles and Sanchez (2019) 
reported that rabbits with restricted feeding had 
limited access to food, meaning that their feed 
efficiency was lower than ad libitum fed rabbits. 
Consequently, there is low growth due to the 
amount of feed intake, which can be used as an 
indicator of feed efficiency. In the present study, 
the productive performance parameters were 
low in animals fed with enzymes, except in the 
T20 treatment. This effect is associated with a 
low feed conversion rate in groups fed with high 
quantities of the spent substrate of P. ostreatus. 
According to Vitolo (2021), an enzyme only needs 
a minimum amount to catalyze any amount of 
substrate. The author also indicated that initial 
activity has a relationship with the amount of 
substrate. These low productive performance 

Table 3.  Carcass traits in rabbits fed with an enzyme extract of the spent substrate of Pleurotus 
ostreatus.

                                                                                                       Treatments1

Variable C T20 T40 T60  SEM
Skin, g kg-1 LW2 24.9a 23.9a 24.1a 22.7b 0.3
Feet, g kg-1 LW 24.7a 24.0a 25.1a 25.0a 0.7
Gastrointestinal tract, g kg-1 LW 225.6b 261.6b 246.2b 297.8a 10.9
Animal length, cm 32.2a 29.2a 30.0a 29.5a 1.1
Carcass length, cm 21.7a 20.5ab 20.3ab 19.1b 0.8
Lumbar circumference, cm 30.7a 29.3ab 29.2ab 28.6b 0.8
Lumbar carcass circumference, cm 15.8a 14.4ab 14.9ab 13.7b 0.6
Live weight, g 2017.5a 1800.7ab 1716.9ab 1600.0b 93.8
Hot carcass weight, g 1095.6a 940.7ab 911.4ab 784.8b 59.9
Cold carcass weight, g 1072.1a 917.0ab 889.1ab 782.6b 58.7
Dressing carcass, % 54.4a 51.8ab 52.7ab 48.5b 1.1
Kidney fat, g kg-1 HCW2 11.8a 11.1a 10.0a 9.0a 1.3
Scapular fat, g kg-1 HCW 4.1a 2.6a 4.1a 2.7a 0.5
Head, g kg-1 HCW 94.6b 112.2ab 111.2ab 119.3a 5.4
Forepart weight, g kg-1 HCW 243.6a 233.2a 235.3a 244.3a 5.2
Intermedia part weight, g kg-1 HCW 99.6a 105.8a 105.8a 106.6a 4.3
Hind part weight, g kg-1 HCW 188.1a 172.3a 177.9a 175.5a 5.7
Legs, g kg-1 HCW 336.7a 334.1a 331.6a 343.5a 7.4
Meat, g kg-1 Legs 698.9a 674.3a 689.1a 672.5a 12.9
Bone, g kg-1 Legs 276.3b 301.3a 287.2a 304.2a 13.0
Dissectible fat, g kg-1 Legs 10.3a 11.8a 8.5a 7.9a 2.1

ab Different superscript letters indicate significant differences among columns. Tukey test (p<0.05). 1C= control 
treatment without enzyme extract, T20 = 20000, T40 = 40000, and T60 = 60000 IU.kg-1 of laccase enzymes from 
the spent substrate of P. ostreatus. 2Hot carcass weight.



Chilean J. Agric. Anim. Sci., (2023) 39(3):356 351-358.      

parameters in rabbit groups fed with P. ostreatus 
spent substrate are related to the fact that 
enzymes do not catalyze fiber components 
properly. In addition, during the pelletizing 
process, temperatures were high and enzymes 
were inactive, indicating that temperature is 
important for enzyme stability. However, the 
use of multi-enzyme supplementation in rabbits 
increased the feed conversion rate due to the 
increase in the digestibility of protein and fiber 
(Olorontula et al., 2018).

In general, carcass traits and composition 
were lower in groups fed with enzymes obtained 
from P. ostreatus spent substrate, except for the 
gastrointestinal tract, head and bone weight. In 
a study by Salama et al. (2019), no differences 
were found in carcass traits among rabbits fed 
with fennel along with a commercial enzyme 
mixture. According to Mohammed et al. (2018), 
no differences were found using broiler feed with 
exogenous enzymes when enzyme levels were 
increased. This was attributed to the effect caused 
by chemical differences among the ingredients 
used to feed animals as well as enzymatic 
activity. As previously mentioned, if the 
enzymes did not catalyze fiber components nor 
enhance the digestibility of nutrients, there was 
no improvement in carcass traits. In our study, 
enzymatic activity probably decreased after the 
pelletization process due to the temperature 
during the processing of the feed. It could also be 
the case that enzymes did not have much contact 
with feed fiber to catalyze this component and 
increase carbohydrate availability.

In terms of meat characteristics, the control 
group presented the highest color values, 
including L*, a* b* and c parameters, compared 
to the enzyme treatments. It should be noted 
that the color is the most important meat trait 
because consumers usually use this attribute 
when purchasing meat (Tomasevic et al., 2021). 
In contrast, Hernández-Martinez et al. (2018) used 
sorghum, which was hydrolyzed by Trametes 
maxima CU1 and Pycnoporus sanguineus CS2, and 
did not find any differences in color parameters 
among treatments. Similar results were found 
by Kong et al. (2022) with Rex rabbits fed an 
enzymolytic soybean meal. However, there are 
several pre- and post-harvest factors influencing 
meat color, e.g., the use of natural additives 
(Cardinali et al., 2015). Meat pH is an important 
parameter for determining shelf life and growth 
of microorganisms in meat (Dalle-Zotte, 2002). In 
this study, the pH of rabbit meat from animals 
fed with several levels of enzymes showed no 
significant differences. However, cooking loss 
and texture profile analysis parameters were 
lower in the control treatment. In another study, 
Hernández-Martinez et al. (2018) found low 
hardness values in meat from rabbits fed with 
hydrolyzed sorghum. 

CONCLUSION

According to the results, meat obtained from 
rabbits fed with different levels of laccase enzymes 
deteriorate rabbit meat characteristics. However, 
the spent substrate of P. ostreatus can be used to 

Table 4.  Characteristics of rabbit meat obtained from rabbits fed with an enzyme extract of the spent 
substrate of Pleurotus ostreatus.

                                                           Treatments1 
Variable C T20 T40 T60 SEM
L* 42.51c 44.97b 46.50ab 47.79a 0.59
a* -0.38a -0.48a -0.42a -0.23a 0.16
b* 7.76a 7.62b 6.45c 6.27d 0.23
c 7.86a 7.82a 6.65b 6.38b 0.22
h 1.54a 1.49a 1.49a 1.52a 0.02
pH 5.89a 5.88a 5.92a 5.96a 0.06
Cooking loss, % 17.03b 25.98a 24.78a 25.54a 1.81
Hardness, N 1.17b 2.22a 2.51a 2.62a 0.24
Resilience 0.18b 0.23a 0.21a 0.19b 0.01
Cohesiveness 0.42b 0.51a 0.52a 0.55a 0.02
Springiness 0.47c 0.58b 0.64a 0.55b 0.09

abc Different superscript letters indicate significant differences among columns. Tukey test 
(p<0.05). 1C= control treatment without enzyme extract, T20 = 20000, T40 = 40000, and T60 
= 60000 IU.kg-1 of laccase enzymes from the spent substrate of P. ostreatus.
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feed rabbits as some productive performance 
parameters and carcass traits were similar to 
the control treatment. It is important to continue 
evaluating other alternative for producing rabbit 
feed, including maintaining some contact time 
between fiber and enzymes before pelletizing 
the feed to prevent enzyme deterioration and 
improve carbohydrate availability.
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