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Abstract: The use of agriculture by-products is highly demanded for livestock nutrition. However,
the employment of certain non-degradable materials could potentially induce concretions and lesions
in ruminants’ forestomach. Thus, the aim of this study was to determine the morphological lesions
showed in rumen containing indigestible foreign objects, named foreign bodies, in small ruminants.
Twenty-two animals (12 goats and 10 ewes) presenting foreign bodies (2.750 ± 1.577 kg) were
included in this study. Rumenotomies were performed to remove the foreign bodies, and rumen
samples were taken for further morphological evaluations. Rumen samples from healthy small
ruminants (n = 24) were also taken at slaughterhouses as controls. Morphologically, the rumen from
affected animals showed a significant reduction of the ruminal papillae length (1.243 vs. 3.097),
hyperplasia of the squamous epithelium, mononuclear infiltration in the subepithelial spaces and,
less consistently, vacuolization of keratinocytes, presence of intraepithelial leukocytes and vascular
changes of the lamina propria. It can be concluded that indigestible foreign bodies would cause
ruminal lesions that would be able to trigger inflammatory and/or degenerative lesions. Our study
demonstrates morphological lesions because of the presence of intraruminal foreign bodies, but
further studies on the functional activity of the rumen in these cases are required. The avoidance of
the presence of indigestible materials in agriculture exploitations is highly recommended in order to
prevent the accumulation of indigestible foreign objects in small ruminants.
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1. Introduction

One of the main factors determining the success of a ruminant production system
is the availability of forage. In the Canary Islands, there is a limitation of land area for
forage production. This is a serious problem for livestock production that has also been
described in other areas of the world [1]. The use of alternative feed resources in large
animal nutrition has been of great interest in the last years. Agro by-products have been
used as alternative feeds for ruminants [2–5]. The cost of the concentrate and forages feeds,
the irregular availability in the market or the competitive conflict with human nutrition are
some of the main reasons why alternative local feeds are currently demanded [5]. In the
available literature there is plenty of information on the effect of alternative feed resources
on the digestion and growth of small ruminants [5]. On the other hand, the presence
of foreign material in the rumen may produce rumen disorders and dysmotility [6]. A
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“foreign body syndrome” defined for bovines has been related as a cause of high economic
losses in animal production [7–9]. The presence of rumen impaction due to indigestive
or plastic materials consumed by ruminants has been published in the literature [10–22].
Additionally, plastic contamination in agricultural soil and the ingestion of plastic by sheep
has been studied [23]. In the available literature, the systemic effect of these foreign objects
has been described in bovines [7,10,24] goats [25,26] sheep [27] and camels [28]. We have
found two references related to the description of lesions on the rumen caused by plastic
foreign bodies in Jordan [29,30].

In the Canary Islands, a Spanish subtropical region, the highest challenge for sustain-
able animal production is probably the use of local by-products and forages because of the
high cost and low availability of classical animal feeds like conventional forages, cereals
and oleaginous feeds. In this sense, tomatoes (Solanum lycopersicum) are a relevant crop
on the Islands with a local production of 133,500 tons and 54.7 mill. € of income for the
primary sector. Small ruminants, on the other hand, are another relevant industry on the
Canaries, composing 95% of the total ruminant population (413,000 heads), producing
91,310 tons of milk and having a total income of about 50 mill. € [31]. On the Canaries,
small ruminant farms are commonly located in the same areas as tomato industries, and,
consequently, tomato by-products are usually consumed by goats and sheep. Nevertheless,
the formation of potential indigestible foreign objects in the ruminal cavity is one of the
most important disadvantages, which occurs in some instances. The terms foreign bodies
and/or bezoars have been used to refer to this indigestible material within the digestive
system in animals. Thereby, it can be assumed that the presence of foreign bodies could pro-
duce acute or chronic lesions in the ruminal wall by mechanical erosion or even chemical
injury by residues.

In the past, the Large Animal Unit, Ruminant Section, Veterinary Teaching Hospital
of our university has attended to many small ruminants affected by foreign bodies that
came from those agriculture areas. They have been successfully surgically removed by
rumenotomy, although apparent alteration in ruminal papillae have commonly been
observed. Given the limited information in the available literature about the relationship
between indigestible foreign objects and lesions on the ruminal wall, the purpose of the
present study was to determine, clinically and pathologically, the ruminal alterations found
in a significant number of small ruminants attended to by the Veterinary Teaching Hospital.

2. Materials and Methods
2.1. Animals

A total of 46 adults female small ruminants, 24 goats (Canary Islands’ goat breed) and
22 ewes (Canary Islands’ sheep breed) were included in the study. Twenty-two animals
(12 goats and 10 ewes) belonging to farms located near tomato exploitations and for whom
indigestible foreign objects were detected in the ruminal cavity by abdominal palpation
were used for this study. The animals belonged to large-scale (over 1000 animals) and
mixed farms of goats and sheep. Tomato by-products were administered to the animals
ad libitum as an alternative forage source; however, these bio-products usually contain
non-degradable material used to hold the plants for their vertical growth. The animals
were attended to from March to June in the University of Las Palmas de Gran Canaria
(ULPGC) Veterinary Teaching Hospital showing a poor body condition (score 2/5), poor
appetite, weakness and hypogalactia. The body weight ranged from 23 to 38 kg. At
physical examination, firm masses were palpated at the ventral left side, large in some
instances but very poorly appreciable in others. In any case, an enlarged ventral abdominal
flank was evident. The presumptive diagnosis was the presence of indigestible foreign
objects in all cases.

The remaining 24 animals (12 goats and 12 ewes) were healthy animals and served
as controls. All these animals were female adults. They were randomly selected in the
slaughter at the insular official slaughterhouse, and biopsies were taken from the dorsal
ruminal sac, anatomically coincident with the left paralumbar fossa in vivo. These animals
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were from the same farm, and those with ruminal indigestible foreign objects were not
included in this study in the control group. This group of animals was healthy and
slaughtered for meat. The body weight ranged from 27 to 43 kg. Therefore, the diet in all
the studied animals (concentrate, forage and tomato by-products) was the same.

The directive 2010/63/EU is not applicable to our study because it was a non-
experimental clinical veterinary practice. Therefore, only the owner’s consent was required
to complete the present survey.

2.2. Surgical Procedures

The animals were sedated with xylazine 0.2 mg kg−1 IM (Xilagesic® 20 mg/mL, Lab.
Calier S.A., Barcelona, Spain). Paravertebral anaesthesia was performed using Mepivacaine
2% (Miniplasco®, Braun Medical S.A., Barcelona, Spain) blocking the dorsal and ventral
nerves at the T13, L1 and L2 vertebrae. Parallel to the last rib, a subcutaneous anaesthesia
was used to block the sensory nerve fibers that arise from other previous thoracic vertebrae.
Approximately 5 mL of local anaesthetic was injected per each infiltrated point. A broad-
spectrum antibiotic was injected by IM route as a previous antimicrobial therapy.

The rumenotomy was performed following standard procedures described by
Niehaus [32]. A 10–15 cm surgical incision was performed vertically in the left flank,
at approximately 4 fingerbreadths caudally to the last rib and 4 fingerbreadths ventrally to
the transverse process of L3–L4. The rumen (dorsal sac) was exposed and sutured to the
adjacent skin to prevent leakage of the rumen content to the peritoneal cavity. Once the
rumen was opened, the foreign object was removed and weighed. A full thickness biopsy
of the rumen was obtained before suturing the rumen with an inverted closure technique.
Finally, the rumen was released from the skin, and the abdominal wall was closed by planes
using a continuous pattern suture. Antibiotic coverage was established for one week after
surgery. The whole procedure has been recently reviewed in the literature [33].

2.3. Pathological Studies

Rumen biopsies taken from affected and control animals were measured before being
fixated in 10% formalin and embedded in paraffin wax. The tissue sections were stained
with haematoxylin and eosin (H&E). The length of the papillae was measured, given that
it would represent the most important parameter to determine the rumen’s development
and integrity [34]. Measures were recorded in mm with a minimum calibrator resolution
of 0.01 mm. A total of 5 measures were taken per sample using a calibrated microscope,
and the mean of the measures was obtained.

2.4. Statistical Analyses

Statistical analyses were completed at a 95% confidence using SPSS 22.0 software
(SPSS Inc., Chicago, IL, USA). Because of the sample size and the unknown distribution
in the population, a non-parametric Mann–Witney U test was employed to determine the
relation of the length of the rumen papillae and the presence/absence (control) of foreign
objects. The Spearson correlation coefficient was employed to measure the correlation
between the length of the papillae and the foreign body weight.

3. Results

All goats and sheep recovered successfully within the next days after surgery. The
animals showed a progressive appetite, and a normal water ingestion and behavior. Ten
days later, the skin sutures were removed, and the animals were transported to their farms.
Six months after surgery, the farmers were contacted to know the medium-term outcome,
and the animals were in good body condition and apparently in complete recovery.

The materials extracted from ruminal cavities were large shapeless masses of tightly
compacted indigestible foreign matter and vegetable materials. The masses were composed
mainly of synthetic plastics (raffia) and fiber ropes. The mean weight of the foreign objects
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was 2.750 ± 1.577 kg, which was considered heavy in comparison to the body weights that
ranged from 23–38 kg. The heaviest foreign object weighed 5.5 kg.

During the rumenotomies, rumen mucosae appeared macroscopically different from
their normal appearance; particularly, the length of the rumen papillae seemed to be
shorter. Once measured, statistically significant differences were found (p < 0.05) between
the affected animals (1.243 ± 0.621) and the control ones (3.097 ± 0.754). However, when
the length of the papillae was compared between species (goats vs. sheep), statistical
differences were found in neither the affected group (1.432 ± 0.706 vs. 1.016 ± 0.429) nor
the control group (3.382 ± 0.889 vs. 2.812 ± 0.47).

A moderate/high negative correlation between the length of the rumen papillae and
the weight of the foreign object was observed in our study (r = −0.665, p < 0.05). The main
histological findings are summarized in Table 1.

Table 1. Histological findings in the bezoar group.

Histological Changes Number of Goats/Total Number of Ewes/Total

Epithelial changes
Acanthosis 9/12 9/10

Pseudocarcinomatous hyperplasia 3/12 5/10
Hyperkeratosis 4/12 3/10

Spongiosis/suprabasilar vesicles 9/12 1/10
Exocytosis of lymphocytes 8/12 8/10

Hyperpigmentation 1/12 1/10

Subepithelial changes
Mononuclear infiltration 7/12 7/10

Reactive changes were particularly characterized by the regular hyperplasia of the
squamous epithelium of the ruminal mucosae and mononuclear infiltration in the subep-
ithelial spaces and, less consistently, by the vacuolization of keratinocytes, presence of
intraepithelial leukocytes and vascular alterations of the lamina propria (Figures 1–3).
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Figure 1. Histological comparison between the (A) control and (B) affected ruminal mucosae in
sheep. The reduction in the length of the papillae and intense hyperkeratosis, with areas of pseudo-
carcinomatous hyperplasia (bottom), were prominent features. H&E, ×40. Microphotography
courtesy of Dr. Jorge Orós.
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Figure 3. Details of histological changes in affected animals. (A,B) Hyperplasia with increased
number of keratinocytic layers; Exocytosis with the presence of leukocytes within the epithelium
(arrows in B and D); (C) Pseudo-carcinomatous hyperplasia and interstitial oedema; (D) Congestion
and vacuolar degeneration (spongiosis) of the epithelium, with areas of early detachment. H&E,
×100 (A,B,D), ×40 (C). Microphotography courtesy of Dr. Jorge Orós.

4. Discussion

The presence of indigestible foreign objects in the forestomachs of ruminants has been
widely described in the literature [10–22]. The ingestion of a synthetic fiber which formed
the nidus of a concretion has been described as a consequence of the consumption of syn-
thetic fiber in an attempt to increase feed intake [35]. Hartnack et al. [36], in a retrospective
case series of 95 cattle, performed rumenostomy because of traumatic reticuloperitonitis
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(n = 31), bloat (9), foreign body (6), choke (5), and other (2). In our case, all animals had
foreign bodies by ingestion of non-degradable materials used in agriculture exploitations
focused on tomato production. The tomato plants in their vertical growth are attached
with different materials, plastic-based materials being one of the most commonly used, at
least in the studied area.

Uzal et al. [37] attributed a lesser susceptibility to developing foreign bodies in the
rumen of goats and sheep to the selective eating habits when compared to calves. In fact,
Sheferaw et al. [14] described that the prevalence of foreign bodies in slaughtered animals
was significantly higher in cattle (41.8%) than in sheep (20.6%) and goats (11.9%). If so,
the nutritional requirements of the animals would not be covered by conventional foods
in the farms, and, consequently, the ingestion of “foreign material” would be higher than
desirable. Since all animals were fed in the same way, it is possible that the swallowing
behavior was the reason why some animals ingested the foreign bodies and others did
not. However, this hypothesis has not been demonstrated and should be studied further in
the future.

In a study carried out in Eastern Ethiopia with the free grazing of livestock in highly
waste-polluted areas (without plastic waste disposal systems), 43.4% of cattle (144/332),
56.5% of sheep (109/193) and 59.3% of goats (169/285) had foreign bodies, mainly plas-
tic (79.2%), cloths (15.3%) and rope (12.3%) [13]. Therefore, non-degradable agriculture
materials could be considered another source of foreign bodies in small ruminants.

Uzal et al. [37] have indicated that the lesser prevalence of foreign bodies in small
ruminants could also be explained by the regurgitation phenomena, mainly for those light
and small bodies. In fact, regurgitation is recognized to be the main mechanism of bolus
losses [38–40]. Except for small bodies, the high size and weight of the foreign bodies
observed in the current study preclude regurgitation.

The growth and development of the rumen papillae depends mainly on the type of
diet ingested. Animals fed with rations containing adequate levels of roughage develop
long, slender, regular, white to grey, rumen papillae [37]. The larger length of rumen
papillae has been attributed to a higher volatile fatty acids (VFA) content, which influences
the development of papillae [41–43] in the absence of rumen acidosis by overproduction of
VFA [44].

The length of the papillae observed in the affected animals was shorter than for the
control ones. We also found that the heavier the foreign body, the shorter the length of the
ruminal papillae. This negative correlation was statistically significant. The effect of the
foreign bodies on the papillae is unknown; however, one could suppose a pressure effect
and continuous mechanical injuries on the ruminal mucosae. Histologically dystrophic
changes in the ruminal mucosa were observed, which would have been promoted by the
presence of foreign bodies. On the other hand, the foreign bodies would reduce the ruminal
capacity with a lesser ingestion of foods and probably digestive impairments. According
to Suárez et al. [44], the smaller size of the rumen papillae suggests the scarce presence
of VFA in the ruminal fluid, which is directly related to a low carbohydrate ingestion.
Nevertheless, chronic ruminal acidosis, usually due to rations high in carbohydrates, is
the most common cause of dystrophic changes in the ruminal mucosa. The morphological
changes observed in ruminal papillae are clumps, nodules and rosettes [37]. The histolog-
ical changes observed in our case resemble those described for chronic acidosis, such as
acanthosis, hyper- and parakeratosis and hyperpigmentation of the ruminal papillae.

Papillae were shortened, the epithelium increased in thickness and pigmentation,
and inflammatory infiltrations with different degrees were present at the mucosal level in
both goats and sheep. Epithelial hyperplasia was the most frequent finding in the affected
animals. Additionally, the presence of suprabasilar vesicles (9/12) and oedema of the
lamina propria (4/12) were more prevalent in goats than in sheep. These changes could
be attributed to chronic frictional micro-trauma causing dystrophic epithelial changes,
resulting in cellular degeneration and leukocytic infiltration. These lesions can modify
the absorption capacity and stimulate inflammation and secondary ruminal infection by
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the resident microflora. Our results are similar to the histological findings previously
described [29,30].

A sustainable animal production could be related to the use of local by-products and
local forages because of the high cost and low availability of classical animal feeds in
similar geographical areas to that of our study. Further studies related to the composition
of tomato by-products are required to completely justify the use of this material as a source
of fiber and nutrients for small ruminants.

5. Conclusions

Small ruminants seem susceptible to developing foreign bodies in their forestomachs
by ingestion of non-degradable material. The presence of this material produced reactive
changes that closely resembled those described in chronic ruminal acidosis. This condition
would cause inflammatory and/or degenerative changes in the rumen with severe clinical
signs. Therefore, our findings suggest that plastic foreign bodies play an important role in
the pathogenesis of rumenitis and epithelial hyperplasia. Oedema of the lamina propria
is more prevalent in goats than in sheep. Given its close relationship with agriculture
management systems, the use of bio-degradable material is questionable so as to avoid
new cases.
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