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Abstract. The objective of the experiment was to investigate - and qualify chemical composition of both Bt and non-Bt cotton
crop residues (CCR). The in vitro digestibility of each type of CCR was also determined. Week zero represents the period
before introduction of animal to graze on Bt-CCR. From each square meter of 14 square meter cotton residues were cut at
10 cm above the ground level. The components of the crop residues in each square meter were separated in to leaves, bolls
and tender branches and then weighed freshly and again after drying in an oven at 105◦C for 24hours. The results revealed
significant differences in chemical composition of whole residues, in vitro digestibility of dry matter and in vitro digestibility
of protein in Bt CCR. Crude protein and ash were higher in all components of Bt CCR and crude fiber was higher in bolls
only. The in vitro digestibility showed lower levels in Bt CCR than in non-Bt CCR.
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1. Introduction

Cotton “Gossypium” is the major natural textile fiber crop worldwide. In Sudan, cotton has been grown for
centuries. The cotton plant is indigenous and a number of its wild relatives exist in various parts of the country,
as well as and the crop production represents a manner to reduce poverty and encouraged the settlement in rural
areas. Commercial growing of the crop, however, started in 1867. In 1926 was the official start of functioning of
the Gezira Scheme (where cotton crop represents the main cash crop). The bulk of the production, nearly 90%
is exported as raw fiber while the other 10% is locally consumed [1]. Due to decline of grazing land, sheep and
goats are let loose in the cotton fields for grazing by the farmers and shepherds after harvesting the cotton [2],
however in Sudan cows communally grazed on cotton crop residues (CCR).

The cotton harvest leaves several residues in the field, such as stalks, side branches, leaves, bolls, and seeds
with adhering cotton lint [3]. The amount of cotton crop residues, known under various names (e.g. cotton straw,
cotton sticks, cotton wood) can range from 5 to 7 t/ha [4]. As often happens with crop residues, the quality
of the material is highly variable. For instance, CCR are usually dry but some varieties grown under irrigation
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contain about 30% green leafy foliage even at the time of last picking of cotton [5]. CCR are abandoned as waste,
but are often incinerated or ploughed into the soil as they may host insects that can infest the next cotton crop
[3, 4, 6]. CCR have been used as organic fertilizers for soil amendment and were shown to improve micro-
organism activity and increase seedling growth [3]. Cotton wood (the thicker stems) is used as firewood [7]. In
Egypt, cotton stalks are transformed into briquettes for fire [6]. Cotton stalks, leaves and unripe bolls may be
grazed or taken to the homestead, chopped and dried for winter feed [7]. CCR are readily browsed by small
ruminants. However, they should not be fed to livestock if pesticides residues in the plant are above the maximum
residue levels determined by national or supranational authorities (see Potential constraints on the “Nutritional
aspects” tab).

Bt cotton has been genetically modified by the insertion of one or more genes from a common soil bacterium,
Bacillusthuringiensis (Bt). These genes encode for the production of insecticidal proteins, and thus, genetically
transformed plants produce one or more toxins as they grow. The genes that have been inserted into cotton produce
toxins that are limited in activity almost exclusively to caterpillar pests (Lepidoptera). However, other strains of
Bacillusthuringiensis have genes that encode for toxins with insecticidal activity on some beetles (Coleoptera)
and flies (Diptera). Some of these genes are being used to control pests in other crops, such as corn.

The introduction of Biotech cotton in Sudan enhanced cotton productivity and restored cotton as a main cash
crop. The increase in hectare age of Bt cotton between 2012 and 2014 is clear evidence that farmer experience
was positive in the first year of planting in 2012 and has provided the incentive for a large increase in adoption
in 2014 [8].

Several studies showed that the amount of expression of Bt protein in plant is in very minute and its action is
limited to certain larval species and may not cause toxicity to mammals [9].

Genetically modified crops as animal feed was used by many authors [10–14].
CCR is usually utilized as a valuable summer feed source in Gezira. This feed source holds about 100,000

animal units for 1–1.5 months. Genetically modified CCR was first introduced in 2012. Animal owners fear from
grazing on this modified crop. However for both genetically modified and non modified CCR, the composition
and digestibility is not known. Therefore this research was conducted with two objectives, namely:- 1) to evaluate
the chemical composition of both Bt and non-BtCCR using the proximate analysis techniques for crude protein,
crude fiber, dry matter and Ash content; 2) to quantify the digestibility of both Bt and non-BtCCR through a
standardized in vitro technique, since the digestibility is one of the important measures for the evaluation of CCR
for feed purposes.

2. Materials and methods

2.1. Location of the experiment

Gezira State is located south-west of Khartoum state. The state lies between latitude 32◦13′ and 30◦15′N and
longitudes 22◦32′ and 20◦43′E. It covers an area of about 27545km2 of which around 90% can be utilized for
agriculture. It has a virtually flat relief, with slight tilt of the ground sloping gently from south to the north,
which made possible the construction of a gravity-based irrigation system that covers part of the Gezira state,
was mainly constructed for cotton production and is one of the largest irrigation projects in the world (Gezira
scheme). Rainfall is characterized by high degree of spatial and temporal variability of wet and dry decades from
season to season as well as within the same season. The state is divided into eight localities.

The experiment was conducted in two localities of Gezira state where cotton crop was cultivated. This included,
South Gezira locality (Al- Madina Arab) and Um-Algura locality. In Um-Algura locality, a herd of 25 animal
units (AU), 12.6 of Which were milking (18 milking cows) were grazed on non-Bt CCR. In South locality a herd
of 22 animal units (AU), 11.2 of Which were milking, (16 milking cows) were grazed on Bt CCR. The lactating
cows in the herd of Um- Algura and South Gezira was 50.4% and 51% respectively. The herd in each of the
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localities was of mixed breeds (local and crosses between local and Friesian cows). CCR yield was estimated by
selecting different number of square meter by throwing a rope for fourteen times and making the square meter by
the rope itself. This procedure was repeated in each of the five weeks of study. Week zero represents the period
before introduction of animal to graze on CCR. From each square meter cotton residues were cut by sickle at
10 cm above the ground level. The components of the crop were separated in to leaves, bolls and tender branches
and then weighed freshly and again after drying in an oven at 105◦C for 24 h using digital scale. Accordingly
percent of each component in both CCR yield and the intake were obtained. The CCR and its component in
each week were put in paper envelopes and store in the Department of Animal Production of the Faculty of
Agricultural Sciences for chemical analysis and estimation of in vitro digestibility.

2.2. Methods of proximate analysis

Proximate analysis of CCR and its components for estimation of dry matter, crude protein, crude fiber, Ash was
carried out in the laboratory of Food Science in the faculty of Engineering and Technology, using the procedures
of [15].

2.3. Moisture content

Moisture content was determined by air-drying of the samples in an oven at 105◦C for 24 h. Moisture and dry
matter were quantified as follows:

%Dry matter = (W3 − W2/W1 − W2) × 100 (1)

%Moisture = 100 − % dry matter (2)

Where:
W1 = Sample weight(g)
W2 = Extraction cup
W3 = Extraction cup weight after heating at 105◦C.

2.4. Ash content

Ash content measured the total in organic matter by high temperature of in cine ration [15]. Approximately 1.0 g
of sample was weighed in to a pre-weighed crucible and in cine rated over night at 600◦C using aNaberthem
muffle furnace. The increase in the final weight of crucible after in cine ration represented the ash and was
expressed as percentage of the original sample, calculated as follows:

%Ash = (W3 − W2/W1) × 100 (3)

Where :
W1 = Sample weight(g)
W2 = Crucible weight(g)
W3 = Crucible weight + ash residue after 600◦C.

2.5. Crude protein (CP)

The Kjeldahl method according to [15] was used for the determination of CP in duplicate, as follows: 150 mg
sample was digested in concentrated sulphuric acid and two Kjeltabs performed as catalyst. Then ammonia
from the digestion process was released after reaction with 40% sodium hydroxide and distilled using FOSS
Kjeltec2200, trapped in 4% boric acid and quantified by titration against 0.1 M hydrochloric acid–titration was
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operated manually and run according to the operation manual from the manufacturer. Crudeproteinwasestab-
lishedbymultiplyingthetotalnitrogenwiththeconversion factorof6.25.Crudeproteinwascalculatedas follows:

%Nitrogen = [(S – B) (N) × 1.4007] / g of sample (4)

%Protein = %Nitrogen × 6.25 (5)

Where:
S = HCL titration for sample
B = HCL titration for blank
N = Neutrality for HCL

2.6. Crude fiber (CF)

About 0.6 g of defatted sample in a pre- weighed Scintaglass crucible was used for CF determination using
acid -base hydrolysis. The crucible was fitted to the Fiber tec 2022 Fiber cap and run according to the manu-
facturer’s operating instructions. Hydrolysed and oven- dried sample was later ashed in the muffle furnace at
600◦C for 4 h and CF in the defatted sample expressed as a percentage of the original undefatted sample. CF
was determined as follows:

%Fiber = W3 − (W1 × C) − (W5 − W4 − D) × 100 W2 (6)

Where:
W1 = Capsule weight (g)
W2 = Sample weight (g)
W3 = Capsule weight after 130◦C
W4 = Empty crucible weight
W5 = Crucible weight after 600◦C.

2.7. Determination of in vitro digestibility

The technique for determination of conventional in vitro digestibility complied with the [16] modification of
the [17] two-stage procedure. Twenty- four 50-mL Nalgene tubes were placed in a rack. Subsequently, 0.5 g of
experimental samples were added to each of 20 tubes, 0.5 g samples from laboratory standards (grass hay) were
added to 2 tubes and 2 tubes were used as blanks for the experiments. In each tube, 35 mL of a buffer–inoculums
mixture as described by [18] was added under purging with CO2 and caped tightly with a rubber stopper/gas-
release port [16]. Samples were incubated for 48 h in a water bath at 39◦C, followed by further digestion in an
acid–pepsin solution containing 6.6 g/L pepsin (Fisher Scientific, Pittsburgh, PA, USA) and 0.1 N hydrochloric
acid (35 mL of acid–pepsin solution was added to each tube) for 48 h in water bath at 39◦C. All tubes were mixed
by swirling (Vortex Genie-2 Mixer, VWR Scientific, West Chester, PA, USA) them at 2, 4, 20, and 28 h after
adding the buffer–inoculums and at 2, 4, and 6 h after adding acid–pepsin. After completion of the digestion,
contents were filtered into pre-weighed standard coarse fritted disk Gooch crucibles under mild vacuum, dried
at 100 C for 12 h, weighed for determination of DM, placed in a muffle furnace at 525◦C for at least 12 h, and
reweighed to complete calculation.

2.8. Statistical analysis

Statistical analysis were performed using SPSS. To compare the means t-test was used.
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3. Results and discussion

As presented in Table 1, the chemical composition of Bt and non-BtCCR, showed that the DM in leaves,
bolls and tender branches were not significantly different. In this study the DM of Bt and non Bt leaves was 92
and 91.5% respectively. This higher DM is mainly attributed to that, the leaves were collected from CCR about
one month after water withdrawal. While [19, 20] found a DM of 27% in fresh leaves. The ash content was
significantly higher in Bt leaves(p < 0.001) than non-Bt ones, and only the Ash content observed in non-Bt leaves
fell within the range reported previously [19, 20]. The CP content of leaves was significantly different between
Bt and non-BtCCR, and had the same trend of CP in other parts of CCR, the protein was higher in Bt-CCR
compared to non-Bt CCR. However, the CP in leaves in BtCCR (9.9%) and in non-BtCCR (8.0%) in this study
was lower than reported by [19, 20] (lower limit of the range of %12.1–12.3). The FC of leaves was significantly
higher in non-BtCCR (11.0) leaves than in BtCCR (7.9%), and the data were in the range reported by [19, 20].
Also ash content of Bt and non-Bt CCR in tender branches was not significantly different in this study. However,
estimate of ash in cotton straw was not available in the literature cited for this study. While ash of bolls in Bt and
non-Bt CCR was significantly higher in BtCCR. However, estimate of chemical composition of bolls and tender
branches as a separate agronomical part of CCR was lacking in the literature. The CP of bolls and tender branches
in Bt and non Bt CCR were highly significantly different and had the same trend of CP of leaves. The protein
was higher in BtCCR compared to non-Bt CCR in both bolls and tender branches. However, the CP of bolls and
tender branches in this result of 11.2 and 7.3 in Bt and 6.6 and 6.1% in non-Bt CCR respectively, only CP of bolls
in BtCCR was out of the range of 3.5–9.6% reported previously [4, 21–26]. The Fiber of Bt and non-Bt CCR
in bolls was not significantly different. However, this result of 53.7% in Bt and 44.2% in Non-Bt CCR in this
study was in the range of 43.0–64.9% reported previously [4, 21–26]. While fiber of Bt and non-BtCCR in tender
branches was significantly higher in non-BtCCR. However, the result of this study for both Bt and non-BtCCR
was in the range of 43.0–64.9% reported by [4, 21–26]. However, there are estimate of chemical composition in
poor roughages such as straws, but only few reports on chemical composition of leaves of CCR were found.

The in vitro DM digestibility from Bt and non-BtCCR in weeks 1, 2 and 3 were significantly different (Table 2).
Non-BtCCR showed higher digestibility (60, 56 and 54% in weeks 1,2 and 3) compared to Bt CCR (46, 41.3
and 38.7% in weeks 1, 2 and 3), although a clear variation throughout the weeks was observed. This may be due
to the feed selection according to its botanical composition.

The in vitro DM digestibility of week1 of both Bt and non Bt-CCR in this study where the intake could be
more than 50% leaves was lower than that of 89.7% OM digestibility reported by [19, 20] for fresh cotton crop
leaves. While only the digestibility of non-Bt CCR in week 1 was comparable to that of 64%OM digestibility
reported by [19, 20] for cotton straw. However, the Bt-CCR digestibility in the same week was much lower than
that reported by [20]. When the digestibility of CCR in the present study was compared with 54% of sorghum
straw (common roughage in Sudan) reported by [27], it is clear that the digestibility of non-Bt CCR in all weeks
was equal or higher than that of [27]. While that of Bt CCR at all weeks was lower than that of sorghum straw
reported by the same authors. The reasons for reduced digestibility of Bt CCR in this study is unclear, despite of
its higher contents of leaves compared to non Bt-CCR.

Table 1

Percent chemical composition of Bt- cotton and non Bt-cotton crop residues at week graze

% Leaves Bolls Tender Branches

Non-Bt Bt SD Sig Non-Bt Bt SD Sig Non-Bt Bt SD Sig

DM 91.53 92.38 0.410 0.079 91.38 91.88 0.728 0.146 90.97 92.18 0.4000 0.116

Ash 14.40 18.20 0.400 0.008 7.72 10.07 0.653 0.001 5.50 6.49 0.720 0.118

Protein 8.013 9.616 1.56 0.005 6.56 11.15 0.728 0.000 6.09 7.293 0.456 0.015

Fiber 11.02 7.880 0.800 0.000 44.24 53.71 1.523 0.067 64.20 43.30 1.550 0.000
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Table 2

Percent In vitro digestibility DM from Bt cotton and non-Bt cotton crop residues

Week Non Bt Bt SD Sig.

1 60.00 46.00 2.150 ***

2 56.00 41.33 0.420 ***

3 54.00 38.67 0.430 ***

SD 2.123 3.145

Level of sig *** ***

Table 3

Percent in vitro digestibility protein from Bt-cotton and non-Bt cotton crop residues

Week Non Bt Bt SD Sig.

1 61.00 54.00 0.834 ***

2 47.33 59.00 1.234 ***

3 46.00 48.50 0.900 *

SD 5.276 4.078

Level of sig *** ***

±SD mean Standard deviation.
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Fig. 1. In vitro digestibility and CF of DM Bt-CCR.

In vitro protein digestibility in Bt and non Bt-CCR in weeks 1, 2 and 3 were highly significantly different
(Table 3). The digestibility was significantly higher in non Bt CCR in week 1. While in the other weeks, it was
significantly higher in Bt CCR. This result from Bt and non-Bt CCR in this study was higher than that of 41.9
%CP digestibility reported for sorghum straw by [27]. However, digestibility of CP from CCR was not cited at
least in the available literature. It is clear from the Table (4) that, the digestibility was not affected by CF content
at least in BtCCR in this study (Fig. 1) and (Fig. 2). However, it may be indicated that, CF in non-BtCCR is
more digestible than the CF of BtCCR (where the intake in the last week contained greater amount of tender
branches).

3.1. Conclusions

This research evaluated the chemical composition and in vitro digestibility of dry matter and crude protein
of Bt compared to non-Bt cotton crop residues in Gezira State, Sudan. Based on the study findings it could be
concluded that:
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Fig. 2. In vitro digestibility and CF of DM of non-Bt-CCR.

Table 4

Percent crude fiber content and the digestibility of total intake and crude protein in CCR

Week Bt Non-Bt

1 2 3 1 2 3

Digestibility DM 46 48.33 38.67 60 56 54

Protein digestibility 54 59 48.50 61 47.33 46

Percent crude fiber 29 50.16 43.3 34 55.33 55.99

The Crude Protein content of Bt and non-BtCCR in leaves, bolls and tender branches was significantly
different (P < 0.01) and had the same trend of ash; the protein was higher in Bt-CCR compared to non-Bt-
CCR in all of CCR components. While the DM in leaves, bolls and tender branches were not significantly
different. Also BtCCR had higher fiber in bolls when compared to non-BtCCR. BtCCR had higher fiber in
leaves and tender branches when compared to non-Bt CCR.

The in vitro digestibility of DM of BtCCR was lower when compared to non-BtCCR. The BtCCR had higher
CP in vitro when compared to non-BtCCR.

3.2. Recommendations

More investigations are needed to elucidate the reasons of BtCCR effects on feed intake and the in vitro
digestibility characteristics.
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