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Abstract. Olive mill waste is low-quality feed and rarely used in ruminant nutrition because of its high ligno-
cellulose content, the existence of anti-nutritional factors such as total polyphenol and condensed tannin, and low
protein contents. This in vitro research was conducted to valorize this waste (crude olive cake, extracted olive
cake, and olive leaves) using an exogenous fibrolytic enzyme produced from Trichoderma longibrachiatum in
ruminal nutrition. The enzymatic activity of this additive was 1161 units of endoglucanase per millilitre, 113
units of exoglucanase per millilitre, and 2267 units of xylanases per millilitre. This treatment was applied by
spraying substrates with four doses: 0 (control), 1 (low), 2 (medium), and 4uLg~" uLg~! (high) of dry matter
olive mill waste in an air-conditioned room at 26 °C for 12 h before in vitro incubation.

For the crude olive cake, this additive at high doses increased degradation of 14 % of cellulose and 8 % of
hemicellulose compared with the control at 12 h before the in vitro incubation. Consequently, it increased dry
matter solubility and reduced sugars at this period compared to the control. Upon ruminal incubation, the high
dose of exogenous fibrolytic enzyme increased the gas production from the immediately soluble fraction and
insoluble fraction, the rate of gas production for the insoluble fraction, the dry matter degradability by 26 %, the
organic matter degradability by 24 %, the metabolizable energy value by 28 %, and the microbial crude protein
production by 24 % compared with the control. For olive leaves, an exogenous fibrolytic enzyme at medium
dosage can also hydrolyse the hemicellulose compound, release fewer sugars, and increase dry matter solubility
compared with the control at 12 h before the in vitro incubation.

Upon in vitro incubation, the medium dose increased the gas production from immediately soluble and in-
soluble fractions, the rate of gas production for the insoluble fraction, the dry matter degradability by 13 %, the
organic matter degradability by 11 %, the metabolizable energy value by 12 %, and the microbial crude protein
production by 12 % compared with the control. However, the highest dose altered the gas production from insol-
uble fractions and decreased microbial crude protein production by 6 % compared with the control. Under the
same conditions, an exogenous fibrolytic enzyme applied to extracted olive cake did not produce any effect in
the chemical composition and nutritional value. These results showed clearly that effectiveness of exogenous fi-
brolytic enzyme varied with incubated waste. Increasing the nutritional value of crude olive cake and olive leaves
using an exogenous fibrolytic enzyme can encourage breeders to use this waste as feed at a low cost in animal
nutrition. This valorization of waste is a good solution to reduce pollution of soils and groundwater caused by
throwing out this polluted waste into the environment.

Published by Copernicus Publications on behalf of the Research Institute for Farm Animal Biology (FBN).
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1 Introduction

The Mediterranean countries contribute 92 % of the world’s
production of olive oil (Tufariello et al., 2019). The olive
oil extraction generates a gigantic quantity of solid waste
like crude olive cake and olive leaves (Molina-Alcaide and
Yafiez-Ruiz, 2008; Tufariello et al., 2019). The majority of
this waste is thrown out in the nearby environment. This
waste decomposes over a long period of time (years) and
still presents economical (i.e. the cost of getting rid of the
waste) and environmental problems in soil and groundwa-
ter (Molina-Alcaide and Yafiez-Ruiz, 2008; Dermeche et al.,
2013; Fadel and El-Ghonemy, 2015; Berbel and Posadillo,
2018; Chebaibi et al., 2019). The fresh or well preserved
waste of olive oil production can be utilized in ruminant
feeding with no adverse effects on animal health (Awawdeh
and Obeidat, 2013; Fadel and ElI-Ghonemy, 2015; Mannelli
et al., 2018; Abid et al., 2020). However, this waste when
left in the open quickly becomes rancid and cannot be eaten
by animals (Molina-Alcaide and Yafiez-Ruiz, 2008). This
waste is characterized by high fibre contents and the exis-
tence of anti-nutritional factors, particularly total polyphe-
nol and condensed tannin (Molina-Alcaide and Yanez-Ruiz,
2008). The effect of tannins varies according to their concen-
tration, ranging from beneficial effects to toxicity and death
in high doses (Makkar, 2003). The fibrous feed can be di-
gested by the rumen microorganisms, but in most cases only
10 %-35 % of the gross energy ingested is available as net
energy (Varga and Kolver, 1997).

Olive cake is the major solid waste product from the olive
oil extraction process. It represent about 30 % to 40 % of
the weight of processed biomass in the olive mill (Molina-
Alcaide and Yafiez-Ruiz, 2008). This solid waste is a mixture
of the olive skin, the crushed pulp residues, and the small
fragments of the olive kernel shell (Berbel and Posadillo,
2018). The use of olive cake as ruminant feed can reduce
the pollution caused by this waste and improve the quality
of ovine and bovine meat and milk in particular. It increases
unsaturated fatty acids, which have positive effects on human
health (Hamdi et al., 2016; Kotsampasi et al., 2017; Mannelli
et al., 2018; Symeou et al., 2019; Chiofalo et al., 2020; Neo-
fytou et al., 2020). Olive leaves are the solid waste product of
separated and clean olives before oil extraction. It represents
around 5 % of the weight of the biomass processed in the
olive mill (Hukerdi et al., 2020). The use of olive leaves as ru-
minant feed especially improves the quality of goat and ovine
meat and milk. It improves the unsaturated fatty acid profile
(Abbeddou et al., 2011; Hukerdi et al., 2020). To improve
the nutritional value of this solid waste several approaches
have been used, such as chemical treatments (Fegeros et
al., 1995; Molina-Alcaide and Yafiez-Ruiz, 2008; Awawdeh
and Obeidat, 2013) and biological treatments with white-rot
fungi (Neifer et al., 2013), Aspergilllus, Trichoderma and
Saccharomyces (Fadel and El-Ghonemy, 2015). The biolog-
ical treatments are more effective than the chemical treat-
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ments due to their greater substrate specificity and their lower
pollution effects (Misra et al., 2007). The treatment of fibrous
feed by biological additives like exogenic fibrolytic enzymes
(EFE) improved the nutritional value, growth performance,
milk production, and economic returns of ruminants (Mo-
hamed et al., 2013; Abid et al., 2019b, 2020). Therefore, the
objective of this research is to valorize olive mill waste by
supplementing ruminant nutrition with EFE.

2 Materials and methods

2.1 Sampling and chemical analysis

Crude olive cake, extracted olive cake, and olive leaves sam-
ples were collected from eight olive mills in Sfax (south-
ern Tunisia). Three samples of each by-product in each oil
mill are used. These mills used three phase centrifugation
processes (Tamasi et al., 2016). The dry matter content of
the samples was produced by oven-drying until it reached a
constant weight (AOAC 930.15). Then samples were ground
through a mill using a 1 mm sieve and a Cyclotec 1093
Sample Mill (Tecator, Hoganis, Sweden). The crude protein
(CP) (AOAC 954.01), ether extract (EE) (AOAC 920.39),
and ash (AOAC 942.05) of samples were determined fol-
lowing the method defined by AOAC (1995). Neutral deter-
gent fibre (NDF), acid detergent fibre (ADF), and acid deter-
gent lignin (ADL) were determined by using a fibre anal-
yser (ANKOM?220, ANKOM Technology, Macedon, New
York, USA) following the method defined by Van Soest et
al. (1991). Hemicellulose and cellulose were calculated by
the difference between NDF and ADF and between ADF and
ADL respectively (Van Soest et al., 1991).

The nitrogen-free extract was calculated by using the for-
mula of NRC (2001) according to Eq. (1):

Nitrogen free extract (%) =
100 — (EE (%) + CP (%) + NDF (%) + Ash (%)). (D

Total phenols, total tannins, condensed tannins, and hy-
drolysable tannins compounds were determined following
the protocol of Makkar et al. (1993, 2000). Total phenols
and total tannins were determined by using a Folin—Ciocalteu
substrate with spectrophotometry at 725 nm of absorbance.
Condensed tannins were determined by using the acid-
butanol-HCI-Fe method with spectrophotometry at 550 nm
of absorbance. Hydrolysable tannins were calculated by the
difference between total tannins and condensed tannins. Re-
ducing sugars was realized following the protocol of Miller
(1959). The soluble dry matter was realized following the
protocol of Elwakeel et al. (2007). Briefly, samples of 1 g dry
matter of each substrate were poured into glass flasks. Then
100 mL of distilled water was added. This mixture was stored
for 12h in an air-conditioned room at 26 °C. After incuba-
tion, residues were recovered by filtration with Whatman 541
filter paper (Whatman Scientific Ltd, Maidstone, Kent, Eng-
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land). DM losses were determined according to the methods
described by AOAC (1995).

2.2 Treatment of olive mill waste using an exogenous
fibrolytic enzyme

The exogenous fibrolytic enzyme used in this study was a
liquid mixture of two fibrolytic enzymes, cellulase plus and
xylanase plus (Dyadic International Inc., Jupiter, Florida,
USA), used in equal volume. Both enzymes were obtained
by the fermentation of non-recombinant Trichoderma lon-
gibrachiatum. The mixture was diluted in distilled water at
three different concentrations, either 1 uL. mixture prepara-
tion per 0.2 mL, 2 pL. mixture preparation per 0.2 mL, or 4 L
mixture preparation per 0.2 mL. The mixture treatment was
applied by spraying one of the enzyme solutions (or only dis-
tilled water in the control) on the olive mill waste at 0.2 mL
of solution per gram of dry matter olive mill waste in an
air-conditioned room at 26 °C for 12 h before in vitro incu-
bations. Thus, the final concentration of this additive was O
(control), 1 (low), 2 (medium), and 4 pL. g_l (high) dry mat-
ter olive mill waste.

The enzymatic activity of the mixture before dilution in
distilled water and before treatment of substrates was anal-
ysed in triplicate at a pH of 6.6 and a temperature of 39 °C,
to simulate a normal rumen environment. The endoglucanase
activity and exoglucanase activity were measured accord-
ing to the methods of Wood and Bhat (1988) by using car-
boxymethyl cellulose sodium salt and cellulose as substrates
(Sigma Chemical Co., Saint-Louis, MO, USA) respectively.
The xylanase activity was determined according to the meth-
ods of Biely and Poutanen (1992) by using oat spelt xylan
as substrate (Sigma Chemical Co., Saint-Louis, MO, USA).
The enzymatic activity of the mixture before dilution in dis-
tilled water and treatment of substrates used in this study had
1161 units of endoglucanase per millilitre, 113 units of ex-
oglucanase per millilitre, and 2267 units of xylanases per
millilitre.

2.3 Pre-incubation effects

After 12 h of treatment with EFE, solubilize dry matter, crude
protein, cellulose, hemicellulose, lignin, total phenols, and
reduced sugars of treated substrate were analysed in tripli-
cate.

2.4 Incubation effects

Two rumen-cannulated Holstein cows (6504 20kg body
weight) were used to collect rumen fluid before the morning
meal via an electric pump. These cows received two meals
composed by 8kgd ™! of oat hay and 2kgd~! of a commer-
cially available concentrate. The rumen content of these two
cows was mixed and filtered through four layers of cheese-
cloth under a continuous flow of CO,. Filtered ruminal fluid
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was mixed with the buffer solution of Menke and Steingass
(1988) (1 : 2 v/v) under a continuous flow of CO5 to obtain a
fermentation medium. Samples of 200 mg dry matter of sub-
strate, treated with the appropriate EFE dose, were poured
into 120 mL volume serum bottles with 30 mL of the fermen-
tation medium. Three blank samples (negative controls) were
incubated without substrate to correct the produced gas from
the fermentation of residual feed particles of ruminal fluid.
The bottles were instantly closed with rubber stoppers and in-
cubated in a shaking water bath at 39 °C for 96 h. Each treat-
ment was performed in triplicate and repeated 3 times. Gas
pressure was recorded at 2, 4, 6, 8, 12, 24, 48, 72, and 96 h by
a pressure transducer (model PX4200-0100GI, Omega Engi-
neering Inc., Laval, QC, Canada) related to a visual display
transducer (Data Tracker 200, Data Track Process Instru-
ments Ltd, Christchurch). After each measurement, the pro-
duced gas was released. The net gas was determined by sub-
tracting the gas production from the blank bottles. The kinet-
ics of gas production indices were adjusted by the non-linear
model procedures of SAS (2011) according to the model of
@rskov and McDonald (1979) as in to Eq. (2):

GP(y = A+ B(1 — =), 2

where GP is the cumulative volume of gas produced at the
time ¢ in mL g’1 dry matter, ¢ is the incubation time in h,
A is the gas production from immediately soluble fraction in
mLg~! dry matter, B is the gas production from insoluble
fraction in mL g~! dry matter, A + B is the potential of gas
production in mLg~! dry matter, and C is the rate of gas
production for the insoluble fraction in mLh~!.

Metabolizable energy (ME) was estimated by Eq. (3) of
Menke and Steingass (1988). The total volatile fatty acids
(VFAs) were estimated according to Eq. (4) of Getachew et
al. (1998):

ME =2.240.136 x GP +0.0057 x CP 3)
VFA = —0.00425 + 0.0222 x GP, “)

where ME is the metabolizable energy value in MJkg ™! dry
matter, VFAs are the ruminal total volatile fatty acids in
mmol per 200 mg dry matter, CP is the crude protein in per-
centage of dry matter, and GP is the net gas production in mL
from 200 mg after 24 h of incubation.

At 96 h of incubation, all bottles were put in ice for 5 min
and the fermentation was stopped. The pH was measured im-
mediately. The dry matter and organic matter degradability at
the end of fermentation was measured according to the pro-
tocol of Elghandour et al. (2018). The partitioning factor of
incubation at 24 h (PF24) and the microbial crude protein
(MCP) was determined with Egs. (5) and (6) as described by
Bliimmel et al. (1997):

aDMD
, ®)
GP
where PF 24 is the partitioning factor of incubation at 24 h,
GP is the net gas production in mL from 1 g dry matter after

PF24 =
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Table 1. Chemical composition (gkg_1 dry matter).

Crude olive cake

‘ Extracted olive cake ‘ Olive leaves

Mean Min Max ‘ Mean Min Max ‘ Mean Min Max
Dry matter (g kg_1 fresh matter) 475 436 501 903 892 915 491 474 510
Crude protein 89 85 94 96 92 103 102 97 106
Ether extract 67 62 70 2 1 3 19 17 23
Neutral detergent fibre 579 562 591 700 687 722 402 388 410
Acid detergent fibre 461 445 478 599 589 609 251 241 259
Acid detergent lignin 222 214 230 320 314 329 104 100 110
Hemicellulose 118 102 130 101 92 115 151 141 160
Cellulose 239 226 255 279 267 289 147 138 156
Ash 116 102 122 157 147 165 74 70 78
Nitrogen-free extract 149 136 161 45 35 55 403 397 413
Reduced sugar 21 18 24 9 7 11 57 51 62
Total phenols 7 5 8 6 4 7 77 71 83
Total tannin 5 4 6 4 3 5 66 63 70
Condensed tannin 3 2 4 2 1 3 58 53 63
Hydrolysable tannins 2 1 3 2 1 3 8 6 10
Dry matter solubility 31 28 33 15 13 18 65 60 71

Min is the minima of the analysed individual fractions in the by-product, Max is the maxima of the analysed individual fraction in the by-product.

24 h of incubation, and aDMD is the amount of dry matter
digestibility in grams at the end of incubation.

MCP = aDMD — 2.2 x GP, ©)

where MCP is microbial crude protein in mgg~! dry matter,
GP is the net gas production (mL) from 200 mg after 24 h of
incubation, aDMD is the amount of dry matter digestibility in
grams at the end of incubation, and the 2.2 mgmL~! is a sto-
ichiometric factor that expresses the C, H, and O (measured
in milligrams) required for the volatile fatty acids associated
with the production of gas (measured in millilitres) (Bliim-
mel et al., 1997).

2.5 Statistical analysis

Data were analysed by using a factorial model (4 x 3) to study
the influence of four doses of EFE (control, low, medium,
and high) and three substrates of olive mill waste (crude olive
cake, extracted olive cake, and olive leaves). Data were anal-
ysed by using the GLM procedure of SAS (2011) following
Eq. (7):

Yijk =p~+ D+ S;+ (D x S)ij+ Eijk, (N

where Y;jr is the observation, u is the overall mean, D; is the
effect of the ith dose (i = control, low, medium, and high),
S; is the effect of jth substrate (j = crude olive cake, ex-
tracted olive cake, and olive leaves), (D x S);; is the inter-
action between the dose and the substrate, and Ejj; is the
random residual error.

The orthogonal contrasts were completed to examine the
linear and quadratic effects of doses for each piece of waste.
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Duncan’s multiple range tests were performed to separate
means (Duncan, 1955) and significance was confirmed at
p <0.05.

3 Results

3.1 Chemical compositions of olive mill waste

Olive mill waste is characterized by low crude protein
content (89 to 102gkg™! dry matter), reduced sugar (9
to 57gkg™! dry matter), and high fibre content (NDF >
400 gkg ™! dry matter). The extracted olive cake caused the
largest amount of lignocellulose waste. Olive leaves had high
total polyphenols (77 gkg™! dry matter) and condensed tan-
nins (58 gkg~! dry matter). Crude olive cake had a high fat
content (67 gkg_1 dry matter) (Table 1).

3.2 Pre-incubation effects

EFE hydrolysed the fiber compound of olive leaves and olive
cake. This effect was related with the rise in reduced sug-
ars and solubility of dry matter. For the extracted olive cake,
EFE failed to cause any significant difference in the chemical
composition (Table 2).

3.3 Incubation effects

The influence of EFE on the gas production from immedi-
ately soluble and insoluble fractions, the rate of gas produc-
tion for the insoluble fraction, the dry matter degradability,
the organic matter degradability, the metabolizable energy
value, the ruminal total volatile fatty acids, and the micro-
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Table 2. Influence of exogenous fibrolytic enzymes on chemical composition of olive mill waste after pre-incubation.

Item OuL 1uL 2uL 4yl SEM pvalue Linear Quadratic
Crude olive cake

Cellulose 1182 101 102> 100> 22 0.04  0.04 0.49
Hemicellulose 2396 235 22620 221b 40 0.02 001 0.51
Lignin 222 224 220 224 3.3 0.80 0.69 0.76
Crude protein 89 90 89 91 2.1 0.87 0.79 0.88
Total phenols 7.3 7.1 7.2 7.1 0.5 089 0.93 0.87
Reduced sugar 21 2620 202 312 13 0.04 003 0.61
Dry matter solubility 31b 330 378 402 22 0.04 002 0.43
Extracted olive cake

Cellulose 101 100 99 104 2.1 0.89 0.91 0.88
Hemicellulose 279 272 275 273 4.1 079 0.88 0.79
Lignin 320 318 321 317 3.9 0.91 0.86 0.79
Crude protein 96 97 95 95 35 0.87 0.79 0.77
Total phenols 6.0 6.2 6.9 6.0 0.4 0.77 0.81 0.78
Reduced sugar 9 10 9 10 0.4 0.69 0.87 0.60
Dry matter solubility 15 16 16 15 1.1 0.87 0.79 0.88
Olive leaves

Cellulose 151 149 145 142 2.3 0.07 0.06 0.56
Hemicellulose 1472 1452 131°  127° 1.0 0.03 0.02 0.51
Lignin 104 103 101 104 2.2 0.87 091 0.89
Crude protein 102 100 105 97 39 0.59 0.65 0.51
Total phenols 77.0 756 76.0 578 1.1 0.63 0.79 0.45
Reduced sugar 57 61 712 752 09 004 003 0.44
Dry matter solubility 65> 67° 822 852 3.1 0.04 0.02 0.52
Item Dose Substrate Dose x substrate

p value

Cellulose 0.02 < 0.001 0.01
Hemicellulose 0.04 < 0.001 0.01

Lignin 0.57 < 0.001 0.78

Total phenols 0.67 < 0.001 0.79

Reduced sugar 0.04 < 0.001 0.02

Dry matter solubility 0.04 < 0.001 0.03

a,b.¢ Different letters in the same row indicate that the difference is significant (p < 0.05). SEM is the standard error of the mean.

bial crude protein production of olive mill waste depended
on the type of the substance and the dose of EFE (Tables 3
and 4). Supplementation of EFE to crude olive cake increased
gas production from immediately soluble and insoluble frac-
tions and the rate of gas production for the insoluble fraction
at all doses. The dry matter degradability, the organic mat-
ter degradability, the metabolizable energy value, the rumi-
nal total volatile fatty acids, and the microbial crude protein
production improved only at the high dose.

For olive leaves, only the medium dose increased the gas
production from immediately soluble and insoluble fractions,
the rate of gas production for the insoluble fraction, the dry
matter degradability, the organic matter degradability, the
metabolizable energy value, the ruminal total volatile fatty

https://doi.org/10.5194/aab-65-79-2022

acids, and the microbial crude protein production. The lowest
dose had no significant effect. The highest dose had a nega-
tive effect in the gas production from insoluble fraction and
microbial crude protein production. For the extracted olive
cake, EFE failed to cause any significant difference in nutri-
tional value.

4 Discussion

4.1 Chemical compositions of olive mill waste

The chemical compositions of solid olive waste were compa-
rable to the chemical composition of this waste in the review
by Molina-Alcaide and Yafiez-Ruiz (2008). This waste is
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Table 3. Influence of exogenous fibrolytic enzymes on gas production kinetics’ of olive mill waste.

Item OuL 1uL 2uL

4uL  SEM pvalue Linear Quadratic

Crude olive cake

A 0.2¢ 2.2b 2.3b 3.12 0.7 < 0.0001 0.04 0.56
B 94.8° 109.7° 113.7° 130.0° 34 <0.0001 0.03 0.34
A+B 95.0¢ 111.9° 116.0° 133.12 45  <0.0001 0.04 0.447
C 0.08®  0.13* 0.2  0.14* 0.02 0.01  0.045 0.233
Extracted olive cake

A 0.4 0.9 1.0 0.7 0.6 0.74 0.62 0.67
B 31.1 31.9 32.7 32.5 2.8 0.75 0.61 0.76
A+B 31.5 32.8 33.7 33.2 2.1 0.73 0.60 0.71
C 0.06 0.06 0.06 0.07 0.02 0.81 0.87 0.76
Olive leaves

A 9.5b 9.4b 1212 3.8b 1.1 <0.0001 0.57 0.02
B 1563  161.06 17842 145.1¢ 5.6 < 0.0001 0.75 0.009
A+B 165.8° 1704 190.5* 153.9¢ 49  <0.0001 0.54 0.01
C 0.12 0.13 0.14 0.11  0.03 0.20 0.33 0.21
Item Dose Substrate Dose x substrate

p value

A 0.01 <0.001 0.012

B <0.001 <0.001 0.04

A+B <0.001 <0.001 0.03

C 0.03 <0.001 0.04

,b,¢ Different letters in the same row indicate that the difference is significant (p < 0.05). SEM is the standard error of the mean. A is
the gas production from immediately soluble fraction (ng*l DM). B is the gas production from insoluble fraction (ng*l DM).
A+ B is the potential of gas production (ng*] DM). C is the rate of gas production for the insoluble fraction (mLh™1).

characterized by low crude protein (< 11 gkg™! dry matter),
a high neutral detergent fibre compound (> 400 gkg~! dry
matter), and particularly a high lignin content (> 100 gkg ™'
dry matter). Crude olive cake is also characterized by high fat
content, and the extracted olive cake has low fat contents. A
similar result was found by Alvarez-Rodriguez et al. (2009).
Olive leaves have excessive concentrations of condensed tan-
nins. Therefore, these by-products cannot be the only com-
ponents of diet but can constitute a diet supplement.

4.2 Pre-incubation effects

The effect of EFE depended on the substrate and the doses of
EFE. For the crude olive cake, the increased dose of EFE lin-
early hydrolysed hemicellulose and cellulose, reduced sug-
ars, and increased dry matter solubility. A similar result was
found for fibrous feed such as wheat straw (Jabri et al.,
2019) and Dichanthium aristatum (Diaz et al., 2015). For
olive leaves, the increased dose of EFE linearly decreased the
hemicellulose, increased dry matter solubility, and reduced
sugars. A similar result was found on rich tannin feed like al-
mond hulls (Abid et al., 2019b). This modification of chemi-
cal composition could modify the microorganisms in the ru-
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men and microbial colonization. However, this additive has
no effect on feeds very rich in lignin fraction like extracted
olive cake. Indeed, this component may prevent the contact
of EFE with other commands of substrate (Hatfield et al.,
1999). The second extraction of crude olive cake particularly
increased the lignin fraction by 102 gkg™! dry matter. The
excessive concentration of this compound can block the ef-
fect of enzymes.

4.3 Incubation effects

The response to EFE depended on the substrate and the doses
of EFE. This additive modified the nutritional value of crude
olive cake and olive leaves. However, it did not affect nutri-
tional value of extracted olive cake. The absence of an ef-
fect on the chemical composition in the pre-incubation pe-
riod explained the lack of effect on the nutritional value of
this substrate. For the crude olive cake, the increased dose
of EFE linearly increased the gas production from immedi-
ately soluble and insoluble fractions, the gas production from
insoluble fraction, the rate of gas production for the insolu-
ble fraction, the dry matter degradability, the organic matter
degradability, the metabolizable energy value, the ruminal to-
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Table 4. Effect of exogenous fibrolytic enzymes on fermentation characteristics of olive mill waste.

Item OuL 1uL 2uL 4yl SEM pvalue Linear Quadratic
Crude olive cake

pH 6.81 6.83 677 679 0.1 0.52 0.47 0.54
DMD 3815 41.7% 44830 4822 3.9 0.04 0.02 0.47
DOM 4044  43.0b 452 49092 3.2 0.02 0.01 0.44
EM 457 512 5303 5878 (63 0.03 0.04 0.67
VFA 037°  046° 0.50%® 058  0.10 0.03 0.04 0.67
PF24 446> 3913 3933b 3642 (45 0.04 0.01 0.75
MCP 342¢  367b¢  393b 4252 23 0.04 0.04 0.85
Extracted olive cake

pH 6.85 6.83 686 684 0.1 0.49 0.56 0.37
DMD 10.0 10.4 106 108 2.0 0.54 0.52 0.57
OMD 11.3 10.9 11.6 112 12 0.53 0.54 0.78
ME 2.90 2.92 294 297 024 0.33 0.42 0.67
VFA 0.10 0.10 011 011 003 0.33 0.42 0.67
PF24 425 424 424 417 023 0.44 0.46 0.54
MCP 90 93 95 97 11 0.35 0.34 0.44
Olive leaves

pH 6.79 6.79 6.75 680 0.07 0.62 0.56 0.49
DMD 583> 586°  66.12 54.6° 25 0.02 0.34 0.04
OMD 604> 626P  66.82  60.0° 2.8 0.04 0.33 0.03
ME 576 596° 6443 5.40° 0.5 0.04 0.43 0.04
VFA 0.57%  0.60°® 0.68% 0.51° 0.08 0.04 0.43 0.04
PF24 450 431 431 472 022 0.09 0.65 0.07
MCP 525 5275 5062 495¢ 20 0.02 0.65 0.01
Item Dose Substrate Dose x substrate

p value

pH 0.57 0.33 0.43

DMD 0.03 <0.001 0.03

DOM 0.03 <0.001 0.01

ME 0.04 <0.001 0.04

VFA 0.04 <0.001 0.04

PF 24 0.09 0.23 021

MCP 0.03 <0.001 0.01

a,b,¢ Different letters in the same row indicate that the difference is significant (p < 0.05). SEM is the standard error of the mean. pH
is ruminal pH. DMD is dry matter degradability (%). OMD is organic matter degradability (%). ME is metabolizable energy value
(MJkg™! DM) =2.24+0.136x net gas production in mL from 200 mg after 24 h of incubation 4+ 0.0057 x crude protein in % dry
matter. VFAs are ruminal total volatile fatty acids (mmol g*1 DM) = —0.00425 + 0.0222 x net gas production in mL from 200 mg
after 24 h of incubation. PF24 is partitioning factor at 24 h of incubation (mg DMD mL~! gas). MCP is microbial crude protein

production (mgg*1 DM).

tal volatile fatty acids, and the microbial crude protein pro-
duction. Similar results were found in fibrous tropical forag-
ing material (Sakita et al., 2020). These improvements in fer-
mentation and degradability cannot be explained exclusively
by the small hydrolysed quantity of cellulose and hemicellu-
lose (< 4 % of dry matter). It was highly probable that these
improvements were due to the synergy between EFE and the
ruminal flora. The increase in microbial production of crude
protein following the use of this additive is mainly due to

https://doi.org/10.5194/aab-65-79-2022

better accessibility of nutrients for rumen microorganisms
(Getachew et al., 2004). It was very likely that this improve-
ment was due to the increase in ruminal bacteria. In fact,
Newbold et al. (1992) have shown that EFE produced from
Aspergillus oryzae (Amaferm; BioZyme Enterprises Inc., St
Joseph, MO, USA) can stimulate total bacterial numbers by
34 % and cellulolytic bacterial numbers by 90 % in rumen
fluid (Newbold et al., 1992). Similarly, Salem et al. (2015)
showed an increase of 43 % in microbial crude protein pro-
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duction of corn silage and concentrate supplemented with the
same mixture used in this study. Moreover, this enzymatic
additive increased the production of volatile fatty acids. A
similar effect was demonstrated for straws treated with xy-
lanase (Sujani et al., 2015). The increased rate of fermenta-
tion of the insoluble fraction following the use of this addi-
tive may be accelerated by the feed transit in the rumen and
consequently increase the energy intake of low-energy feed.
For olive leaves, the increased dose of EFE modified the gas
production from immediately soluble and insoluble fractions,
the dry matter degradability, the organic matter degradability,
the metabolizable energy value, the total volatile fatty acids,
and the microbial crude protein production. Only the medium
dose increased the nutritional value of this waste. The high
dose significantly decreased the gas production from the in-
soluble fraction by 7 % and microbial crude protein produc-
tion by 6 % compared with the control. The negative effect
of the highest dose had also been proven in vivo (Kung et al.,
2000) and in vitro (Abid et al., 2019a, b). This inhibiting ef-
fect may be due to the release of anti-nutritional elements of
the olive leaves, like the phenolic compounds, in the ruminal
environment. The latter at high concentrations may inhibit
the proliferation of rumen flora and partially reduce the ac-
tivity of enzymes (Treacher and Hunt, 1996; Molina-Alcaide
and Yanez-Ruiz, 2008). The high quantity of the xylan and
xylose released in the pre-incubation period may be causing
furfural (Mosier et al., 2005) and inhibited proliferation of
rumen flora (Castro et al., 1994). The excessive dose of EFE
may block the attachment sites of ruminal microorganisms
and the action sites of the endogenous zone (Nsereko et al.,
2000; McAllister et al., 2001; Eun and Beauchemin, 2008).

5 Conclusions

The EFE hydrolysed cell-wall components, reduced sug-
ars, and increased the dry matter solubility of crude olive
cake and olive leaves. Upon in vitro incubation, it increased
the fermentation, the degradability, the metabolizable energy
value, the volatile fatty acids, and the microbial crude protein
production. Further research work in these areas is needed to
verify the effectiveness of these enzymatic complexes with
other fibrous waste.

Code and data availability. The software code as well as the
original data of the paper is available from the corresponding au-
thor upon request.

Author contributions. KA, JJ, and HY performed the experi-
ments. KA analysed the data. KA wrote this paper. AM, JR, and
MK supervised the research project.

Arch. Anim. Breed., 65, 79-88, 2022

Competing interests. The contact author has declared that nei-
ther they nor their co-authors have any competing interests.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Review statement. This paper was edited by Manfred Mielenz
and reviewed by two anonymous referees.

References

Abbeddou, S., Rischkowsky, B., Richter, E., Hess, H., and
Kreuzer, M.: Modification of milk fatty acid composi-
tion by feeding forages and agro-industrial byproducts from
dry areas to Awassi sheep, J. Dairy Sci., 94, 46574668,
https://doi.org/10.3168/jds.2011-4154, 2011.

Abid, K., Jabri, J., Beckers, Y., Yaich, H., Malek, A., Rekhis, J.,
and Kamoun, M.: Effects of exogenous fibrolytic enzymes on the
ruminal fermentation of agro-industrial by-products, S. Afr. J.
Anim. Sci., 49, 612-618, https://doi.org/10.4314/sajas.v49i4.2,
2019a.

Abid, K., Jabri, J., Beckers, Y., Yaich, H., Malek, A., Rekhis, J., and
Kamoun, M.: Influence of adding fibrolytic enzymes on the rumi-
nal fermentation of date palm by-products, Arch. Anim. Breed.,
62, 1-8, https://doi.org/10.5194/aab-62-1-2019, 2019b.

Abid, K., Jabri, J., Ammar, H., Ben Said, S., Yaich, H., Malek, A.,
Rekhis, J., Lopez, S., and Kamoun, M.: Effect of treating olive
cake with fibrolytic enzymes on feed intake, digestibility and per-
formance in growing lambs, Anim. Feed Sci. Tech., 261, 114405,
https://doi.org/10.1016/j.anifeedsci.2020.114405, 2020.

Alvarez-Rodriguez, J., Muiioz, F., and Margalida, J.: Nutritive value
of crude and extracted two-stage olive cakes produced in Aragén
(Spain), Rev. Electron. de Vet., 10, 1-8, 2009.

Association of Official Chemists Analytical Chemists: Official
Methodes of analysis of AOAC international, 16th Edn., AOAC
International, Arlington, VA, USA, ISBN 0-935584-54-4, 1995.

Awawdeh, M. S. and Obeidat, B. S.: Treated olive cake as
a non-forage fiber source for growing Awassi lambs: Ef-
fects on nutrient intake, rumen and urine pH, performance,
and carcass yield, Asian Austral. J. Anim., 26, 661-667,
https://doi.org/10.5713/ajas.2012.12513, 2013.

Berbel, J. and Posadillo, A.: Review and analysis of alternatives for
the valorisation of agroindustrial olive oil by-products, Sustain-
ability, 10, 237, https://doi.org/10.3390/su10010237, 2018.

Biely, P. and Poutanen, K.: Interlaboratory testing of methods
for assay of xylanase activity, J. Biotechnol., 23, 257-270,
https://doi.org/10.1016/0168-1656(92)90074-], 1992.

Bliimmel, M., Makkar, H. P. S., and Becker, K.: In vitro gas produc-
tion: a technique revisited, J. Anim. Physiol. An. N., 77, 24-34,
https://doi.org/10.1111/j.1439-0396.1997.tb00734.x, 1997.

Castro, F. B., Hotten, P. M., @rskov, E. R., and Rebeller, M.:
Inhibition of rumen microbes by compounds formed in the
steam treatment of wheat straw, Bioresource Technol., 50, 25—
30, https://doi.org/10.1016/0960-8524(94)90216-X, 1994.

https://doi.org/10.5194/aab-65-79-2022


https://doi.org/10.3168/jds.2011-4154
https://doi.org/10.4314/sajas.v49i4.2
https://doi.org/10.5194/aab-62-1-2019
https://doi.org/10.1016/j.anifeedsci.2020.114405
https://doi.org/10.5713/ajas.2012.12513
https://doi.org/10.3390/su10010237
https://doi.org/10.1016/0168-1656(92)90074-J
https://doi.org/10.1111/j.1439-0396.1997.tb00734.x
https://doi.org/10.1016/0960-8524(94)90216-X

K. Abid et al.: Effects of fibrolytic enzymes on ruminal degradation of olive mill waste 87

Chebaibi, S., Grandchamp, M. L., Burgé, G., Clément, T., Al-
lais, F., and Laziri, F.: Improvement of protein content and
decrease of anti-nutritional factors in olive cake by solid-
state fermentation: A way to valorize this industrial by-
product in animal feed, J. Biosci. Bioeng., 128, 384-390,
https://doi.org/10.1016/j.jbiosc.2019.03.010, 2019.

Chiofalo, V., Liotta, L., Lo Presti, V., Gresta, F., Di Rosa, A. R.,
and Chiofalo, B.: Effect of dietary olive cake supplementation
on performance, carcass characteristics, and meat quality of beef
cattle, Animals, 10, 1176, https://doi.org/10.3390/ani10071176,
2020.

Dermeche, S., Nadour, M., Larroche, C., Moulti-Mati, F., and
Michaud, P.: Olive mill wastes: biochemical characterizations
and valorization strategies, Process. Biochem., 48, 1532-1552,
https://doi.org/10.1016/j.procbio.2013.07.010, 2013.

Diaz, A., Ranilla, M. J., Giraldo, L. A., Tejido, M. L., and
Carro, M. D.: Treatment of tropical forages with exogenous fi-
brolytic enzymes: effects on chemical composition and in vitro
rumen fermentation, J. Anim. Physiol. An. N., 99, 345-355,
https://doi.org/10.1111/jpn.12175, 2015.

Duncan, D. B.: Multiple range and multiple F tests, Biometrics, 11,
1-42, https://doi.org/10.2307/3001478, 1955.

Elghandour, M. M., Antolin-Cera, X., Salem, A. Z. M,
Barbabosa-Pliego, A., Valladares-Carranza, B., and Ugbogu,
E. A.: Influence of Escherichia coli inclusion and soybean
hulls-based diets on ruminal biomethane and carbon diox-
ide productions in sheep, J. Clean. Prod., 192, 766-774,
https://doi.org/10.1016/j.jclepro.2018.05.002, 2018.

Elwakeel, E. A., Titgemeyer, E. C., Johnson, B. J., Armendariz, C.
K., and Shirley, J. E.: Fibrolytic enzymes to increase the nu-
tritive value of dairy feedstuffs, J. Dairy Sci., 90, 5226-5236,
https://doi.org/10.3168/jds.2007-0305, 2007.

Eun, J. S. and Beauchemin, K. A.: Assessment of the poten-
tial of feed enzyme additives to enhance utilization of corn
silage fibre by ruminants, Can. J. Anim. Sci., 88, 97-106,
https://doi.org/10.4141/CJAS07042, 2008.

Fadel, M. and EI-Ghonemy, D. H.: Biological fungal treat-
ment of olive cake for better utilization in ruminants nutri-
tion in Egypt, Int. J. Recycl. Org. Waste Agric., 4, 261-271,
https://doi.org/10.1007/s40093-015-0105-3, 2015.

Fegeros, K., Zervas, G., Apsokardos, F., Vastardis, J., and Apos-
tolaki, E.: Nutritive evaluation of ammonia treated olive tree
leaves for lactating sheep, Small Ruminant Res., 17, 9-15,
https://doi.org/10.1016/0921-4488(95)00657-7, 1995.

Getachew, G., Blummel, M., Makkar, H. P. S., and Becker, K.:
In vitro gas measuring techniques for assessment of nutritional
quality of feeds: a review, Anim. Feed Sci. Tech., 72, 261-81,
https://doi.org/10.1016/S0377-8401(97)00189-2, 1998.

Getachew, G., DePeters, E. J., and Robinson, P. H.: In vitro gas pro-
duction provides effective method for assessing ruminant feeds,
Calif. Agr., 58, 54-58, https://doi.org/10.3733/ca.v058n01p54,
2004.

Hamdi, H., Majdoub-Mathlouthi, L., Picard, B., Listrat, A., Durand,
D., Znaidi, I. A., and Kraiem, K.: Carcass traits, contractile mus-
cle properties and meat quality of grazing and feedlot Barbarine
lamb receiving or not olive cake, Small Ruminant Res., 145, 85—
93, https://doi.org/10.1016/j.smallrumres.2016.10.028, 2016.

Hatfield, R. D., Ralph, J., and Grabber, J. H.. Cell
wall structural foundations: Molecular basis for im-

https://doi.org/10.5194/aab-65-79-2022

proving forage digestibilities, Crop Sci., 39, 27-37,
https://doi.org/10.2135/cropscil999.0011183X003900010005x,
1999.

Hukerdi, Y. J., Nasri, M. F, Rashidi, L., Ganjkhanlou, M., and
Emami, A.: Supplementing kids diet with olive leaves: Ef-
fect on meat quality, Small Ruminant Res., 193, 106258,
https://doi.org/10.1016/j.smallrumres.2020.106258, 2020.

Jabri, J., Abid, K., Yaich, H., Malek, A., Rekhis, J., and Kamoun,
M.: Effect of combining exogenous fibrolytics enzymes supple-
mentation with alkali and acid pre-treatments on wheat straw hy-
drolysis and ruminal fermentation, Indian J. Anim. Sci., 89, 76—
81, 2019.

Kotsampasi, B., Bampidis, V. A., Tsiaousi, A., Christodoulou,
C., Petrotos, K., Amvrosiadis, I., Fragioudakis, N., and
Christodoulou, V.: Effects of dietary partly destoned exhausted
olive cake supplementation on performance, carcass characteris-
tics and meat quality of growing lambs, Small Ruminant Res.,
156, 33-41, https://doi.org/10.1016/j.smallrumres.2017.08.013,
2017.

Kung Jr., L., Treacher, R. J., Nauman, G. A., Smagala, A. M.,
Endres, K. M., and Cohen, M. A.: The effect of treating for-
ages with fibrolytic enzymes on its nutritive value and lacta-
tion performance of dairy cows, J. Dairy Sci., 83, 115-122,
https://doi.org/10.3168/jds.S0022-0302(00)74862-4, 2000.

Makkar, H. P. S.: Quantification of tannins in tree foliage. A lab-
oratory manual, FAO/IAEA Working Document, IAEA Vienna
Edition, Austria, Vienna, ISBN 978-1402016325, 2000.

Makkar, H. P. S.: Effects and fate of tannins in ruminant animals,
adaptation to tannins, and strategies to overcome detrimental ef-
fects of feeding tannin-rich feeds, Small Ruminant Res., 49, 241—
256, https://doi.org/10.1016/S0921-4488(03)00142-1, 2003.

Makkar, H. P. S., Blummel, M., Borowy, N. K., and Becker, K.:
Gravimetric determination of tannins and their correlations with
chemical and protein precipitation methods, J. Sci. Food Agr.,
61, 161-165, https://doi.org/10.1002/jsfa.2740610205, 1993.

Mannelli, F., Cappucci, A., Pini, F,, Pastorelli, R., Decorosi, F., Gio-
vannetti, L., Mele, M., Minieri, S., Conte, G., Pauseli, M., Rap-
paccini, S., Viti, C., and Buccioni A.: Effect of different types
of olive oil pomace dietary supplementation on the rumen mi-
crobial community profile in Comisana ewes, Sci. Rep., 8, 1-11,
https://doi.org/10.1038/s41598-018-26713-w, 2018.

McAllister, T. A., Hristov, A. N., Beauchemin, K. A., Rode, L.
M., and Cheng, K. J.: Enzymes in ruminant diets, in: Enzymes
in Farm Animal Nutrition, edited by: Bedford, M. R. and Par-
tridge, G. G., CABI Publishing, CAB International, 273-298,
https://doi.org/10.1079/9780851993935.0273, 2001.

Menke, K. H. and Steingass, H.: Estimation of the energetic feed
value obtained from chemical analysis and in vitro gas produc-
tion using rumen fluid, Anim. Res. Dev., 28, 7-55, 1988.

Miller, G. L.: Use of dinitrosalicylic acid reagent for deter-
mination of reducing sugars, Anal. Chem., 31, 426-428,
https://doi.org/10.1021/ac60147a030, 1959.

Misra, A. K., Mishra, A. S., Tripathi, M. K., Prasad, R.,
Vaithiyanathan, S., and Jakhmola, R. C.: Optimization of
solid state fermentation of mustard (Brassica campestris) straw
for production of animal feed by white rot fungi (Gan-
oderma lucidum), Asian Austral. J. Anim., 20, 208-213,
https://doi.org/10.5713/ajas.2007.208, 2007.

Arch. Anim. Breed., 65, 79-88, 2022


https://doi.org/10.1016/j.jbiosc.2019.03.010
https://doi.org/10.3390/ani10071176
https://doi.org/10.1016/j.procbio.2013.07.010
https://doi.org/10.1111/jpn.12175
https://doi.org/10.2307/3001478
https://doi.org/10.1016/j.jclepro.2018.05.002
https://doi.org/10.3168/jds.2007-0305
https://doi.org/10.4141/CJAS07042
https://doi.org/10.1007/s40093-015-0105-3
https://doi.org/10.1016/0921-4488(95)00657-7
https://doi.org/10.1016/S0377-8401(97)00189-2
https://doi.org/10.3733/ca.v058n01p54
https://doi.org/10.1016/j.smallrumres.2016.10.028
https://doi.org/10.2135/cropsci1999.0011183X003900010005x
https://doi.org/10.1016/j.smallrumres.2020.106258
https://doi.org/10.1016/j.smallrumres.2017.08.013
https://doi.org/10.3168/jds.S0022-0302(00)74862-4
https://doi.org/10.1016/S0921-4488(03)00142-1
https://doi.org/10.1002/jsfa.2740610205
https://doi.org/10.1038/s41598-018-26713-w
https://doi.org/10.1079/9780851993935.0273
https://doi.org/10.1021/ac60147a030
https://doi.org/10.5713/ajas.2007.208

88 K. Abid et al.: Effects of fibrolytic enzymes on ruminal degradation of olive mill waste

Mohamed, D. E. D. A. Borhami, B. E., El-Shazly, K.
A., and Sallam, S. M.: Effect of dietary supplementa-
tion with fibrolytic enzymes on the productive performance
of early lactateng dairy cows, J. Agr. Sci., 5, 146-155,
https://doi.org/10.5539/jas.vSn6p146, 2013.

Molina-Alcaide, E. and Yafez-Ruiz, D. R.: Poten-
tial use of olive by-products in ruminant feeding:
A review, Anim. Feed Sci. Tech., 147, 247-264,

https://doi.org/10.1016/j.anifeedsci.2007.09.021, 2008.

Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y. Y., Holtzap-
ple, M., and Ladisch, M.: Features of promising technologies for
pretreatment of lignocellulosic biomass, Bioresource Technol.,
96, 673-686, https://doi.org/10.1016/j.biortech.2004.06.025,
2005.

Neifar, M., Jaouani, A., Ayari, A., Abid, O., Salem, H. B., Boud-
abous, A., Najar, T., and Ghorbel, R. E.: Improving the nutri-
tive value of olive cake by solid state cultivation of the medici-
nal mushroom Fomes fomentarius, Chemosphere, 91, 110-114,
https://doi.org/10.1016/j.chemosphere.2012.12.015, 2013.

Neofytou, M. C., Miltiadou, D., Sfakianaki, E., Constantinou,
C., Symeou, S., Sparaggis, D., Hager-Theodorides, A. L.,
and Tzamaloukas, O.: The use of ensiled olive cake in
the diets of Friesian cows increases beneficial fatty acids
in milk and Halloumi cheese and alters the expression of
SREBF1 in adipose tissue, J. Dairy Sci., 103, 8998-9011,
https://doi.org/10.3168/jds.2020-18235, 2020.

Newbold, C. J., Brock, R., and Wallace, R. J.: The effect of As-
pergillus oryzae fermentation extract on the growth of fungi and
ciliate protozoa in the rumen, Lett. Appl. Microbiol., 15, 109—
112, https://doi.org/10.1111/j.1472-765X.1992.tb00739.x, 1992.

NRC: Nutrient Requirements of Dairy Cattle, 7th edn,
National Academies Press, Washington, DC, USA,
https://doi.org/10.1079/9780851993935.0000, 2001.

Nsereko, V. L., Morgavi, D. P,, Rode, L. M., Beauchemin, K. A., and
McAllister, T. A.: Effects of fungal enzyme preparations on hy-
drolysis and subsequent degradation of alfalfa hay fiber by mixed
rumen microorganisms in vitro, Anim. Feed Sci. Tech., 88, 153—
170, https://doi.org/10.1016/S0377-8401(00)00225-X, 2000.

@rskov, E. R. and McDonald, 1.: The estimation of protein degrad-
ability in the rumen from incubation measurements weighted ac-
cording to rate of passage, J. Agr. Sci., 92, 499-503, 1979.

Sakita, G. Z., Bompadre, T. F. V., Dineshkumar, D., Lima, P. D.
M. T., Abdalla Filho, A. L., Campioni, T. S., Neto, P. D. O.,
Neto, H. B., Louvandini, H., Abdalla, A. L., and Abdalla, A.
L.: Fibrolytic enzymes improving in vitro rumen degradability
of tropical forages, J. Anim. Physiol. An. N., 104, 1267-1276,
https://doi.org/10.1111/jpn.13373, 2020.

Arch. Anim. Breed., 65, 79-88, 2022

Salem, A. Z., Buendia-Rodriguez, G., Elghandour, M. M., Bera-
sain, M. A. M., Jiménez, F. J. P, Pliego, A. B., Chagoyana, J.
C. V., Cerrillod, M. A., and Rodriguez, M. A.: Effects of cellu-
lase and xylanase enzymes mixed with increasing doses of Salix
babylonica extract on in vitro rumen gas production kinetics of a
mixture of corn silage with concentrate, J. Integr. Agr., 14, 131—
139, https://doi.org/10.1016/S2095-3119(13)60732-7, 2015.

SAS Institute Inc.: SAS/STAT® 9.3, User’s Guide, Cary, NC, USA,
ISBN 978-1-60764-896-3, 2011.

Sujani, S., Pathirana, I. N., and Seresinhe, R. T.: Enhanced in
vitro fermentation parameters of guinea grass ecotype “A” (Pan-
icum maximum) and rice straw (Oryza sativa) with supplemen-
tation of exogenous fibrolytic enzymes, Livestock Res. Rural
Dev., 27, https://www.Irrd.org/lrrd27/3/suja27041.html (last ac-
cess: February 2022), 2015.

Symeou, S., Tsiafoulis, C. G., Gerothanassis, [. P., Milti-
adou, D., and Tzamaloukas, O.: Nuclear magnetic reso-
nance screening of changes in fatty acid and cholesterol con-
tent of ovine milk induced by ensiled olive cake inclusion
in Chios sheep diets, Small Ruminant Res., 17, 111-116,
https://doi.org/10.1016/j.smallrumres.2019.06.017, 2019.

Tamasi, G., Bonechi, C., Belyakova, A., Pardini, A., and
Rossi, C.: The olive tree, a source of antioxidant com-
pounds, Journal of the Siena Academy of Sciences, 8,
https://doi.org/10.4081/jsas.2016.6952, 2016.

Treacher, R. J. and Hunt, C. W.: Recent developments in feed en-
zymes for ruminant rations, in: Proceedings Pacific Northwest
Animal Nutrition Conference, 10 October 2016, Seattle, WA,
USA, 37-54, 1996.

Tufariello, M., Durante, M., Veneziani, G., Taticchi, A., Servili,
M., Bleve, G., and Mita, G.: Pateé olive cake: Possible exploita-
tion of a by-product for food applications, Front Nutr., 6, 1-13,
https://doi.org/10.3389/tnut.2019.00003, 2019.

Van Soest, P. V., Robertson, J. B., and Lewis, B. A.: Methods for
dietary fiber, neutral detergent fiber, and nonstarch polysaccha-
rides in relation to animal nutrition, J. Dairy Sci., 74, 3583-3597,
https://doi.org/10.3168/jds.S0022-0302(91)78551-2, 1991.

Varga, G. A. and Kolver, E. S.: Microbial and animal limitations
to fiber digestion and utilization, J. Nutr., 127, 819S-823S,
https://doi.org/10.1093/jn/127.5.819S, 1997.

Wood, T. M. and Bhat, K. M.: Methods for measuring
cellulase activities, Methods Enzymol., 160, 87-112,
https://doi.org/10.1016/0076-6879(88)60109-1, 1988.

https://doi.org/10.5194/aab-65-79-2022


https://doi.org/10.5539/jas.v5n6p146
https://doi.org/10.1016/j.anifeedsci.2007.09.021
https://doi.org/10.1016/j.biortech.2004.06.025
https://doi.org/10.1016/j.chemosphere.2012.12.015
https://doi.org/10.3168/jds.2020-18235
https://doi.org/10.1111/j.1472-765X.1992.tb00739.x
https://doi.org/10.1079/9780851993935.0000
https://doi.org/10.1016/S0377-8401(00)00225-X
https://doi.org/10.1111/jpn.13373
https://doi.org/10.1016/S2095-3119(13)60732-7
https://www.lrrd.org/lrrd27/3/suja27041.html
https://doi.org/10.1016/j.smallrumres.2019.06.017
https://doi.org/10.4081/jsas.2016.6952
https://doi.org/10.3389/fnut.2019.00003
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1093/jn/127.5.819S
https://doi.org/10.1016/0076-6879(88)60109-1

	Abstract
	Introduction
	Materials and methods
	Sampling and chemical analysis
	Treatment of olive mill waste using an exogenous fibrolytic enzyme
	Pre-incubation effects
	Incubation effects
	Statistical analysis

	Results
	Chemical compositions of olive mill waste
	Pre-incubation effects
	Incubation effects

	Discussion
	Chemical compositions of olive mill waste
	Pre-incubation effects
	Incubation effects

	Conclusions
	Code and data availability
	Author contributions
	Competing interests
	Disclaimer
	Review statement
	References

