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Highlights

Sheep fed OEM spineless cactus-based diet presented higher oxalates intake.

The use spineless cactus increased the liver weight. 

Diets with or without spineless cactus cause liver parenchyma damage. 

Abstract

This study aimed to assess the effects of diets containing spineless cactus genotypes resistant to carmine 

cochineal insect (Dactylopius opuntiae) on the liver condition of sheep. Thirty-six non-castrated Santa 

Inês male sheep (six months of age and average initial body weight of 22.0 ± 2.9 kg) were assigned to a 

completely randomized design, with three treatments and 12 replicates. The animals were fed a diet with 

Tifton hay as exclusive roughage (control) and two more diets in which the hay was partially replaced by 

‘Miúda’ or ‘Orelha de Elefante Mexicana’ (OEM.) spineless cactus. The animals were randomly slaughtered 

at 86 days after 16-h solid fast. The use of spineless cactus, regardless of genotype, increased the liver 
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weight and caused inflammatory processes and necrosis on the liver parenchyma. Spineless cactus in 

diets for sheep confined for 86 days, despite causing liver tissue damage, such as inflammation and death 

process of hepatocytes, does not compromise weight gain.

Key words: Cactaceae. Digestive system. Histopathology. Oxalates. Small ruminants.

Resumo

Este estudo teve como objetivo avaliar os efeitos de dietas contendo genótipos de palma forrageira 

resistentes ao inseto cochonilha do carmim (Dactylopius opuntiae) sobre a condição hepática de ovinos. 

Trinta e seis ovinos machos Santa Inês não castrados (seis meses de idade e peso corporal inicial médio 

de 22,0 ± 2,9 kg) foram distribuídos em delineamento inteiramente casualizado, com três tratamentos e 12 

repetições. Os animais foram alimentados com uma dieta com feno de Tifton como volumoso exclusivo 

(controle) e mais duas dietas em que o feno foi parcialmente substituído por palma forrageira ‘Miúda’ ou 

‘Orelha de Elefante Mexicana’ (OEM.). Os animais foram abatidos aleatoriamente aos 86 dias após jejum de 

sólidos por 16 horas. O uso de palma forrageira, independente do genótipo, aumentou o peso do fígado 

e causou processos inflamatórios e necrose no parênquima hepático. A palma forrageira em dietas para 

ovinos confinados por 86 dias, apesar de causar danos ao tecido hepático, como inflamação e processo 

de morte dos hepatócitos, não compromete o ganho de peso. 

Palavras-chave: Cactaceae. Histopatologia. Oxalatos. Pequenos ruminantes. Sistema digestório.

Introduction

The spineless cactus (Opuntia and 
Nopalea) is one of the most important 
forages in the world. In Brazil, it is considered 
strategic due to the climatic conditions of the 
Northeast region. They are used for several 
purposes, such as human and animal feeding, 
energy production, medicine, cosmetics, and 
the chemical and food industry (Dubeux et al., 
2013). 

The main spineless cactus genotype is 
the ‘Miúda’ (Nopalea cochenillifera Salm Dyck), 
which is resistant to Dactylopius opuntiae 
and has high palatability by ruminants, 
although it is less resistant to dry (C. C. F. Silva 
& Santos, 2006). However, ‘Orelha de Elefante 
Mexicana’ (OEM.; Opuntia stricta [Haw]. Haw.) 
is less demanding in nutrients and more 
tolerant to water stress conditions, besides 

requires higher dry matter production by unit 
area than ‘Miúda’ (Santos et al., 2018).

The spineless cactus also has 
antinutritional components such as oxalate 
(ranging from 1.80 to 4.90 mg/kg of dry matter 
– DM) (T. G. P. Silva, 2020; T. G. P. Silva et al., 
2021) and affect the energy metabolism of 
the intestine and liver, may cause histological 
changes (S. M. C. Silva, 2017; Barboza et al., 
2019; Lima et al., 2019; T. G. P. Silva, 2020; 
T. G. P. Silva et al., 2021). The liver uses part 
of the energy intake of the whole body, so 
its metabolism is influenced by the different 
animal workloads (Haas, 2014).

Biochemical analyses, radiography, 
and ultrasonography are the main 
complementary tests to discover liver 
diseases in domestic animals (Radostits 
et al., 2002). They are efficient to detect 
organ changes and severity grading, but 
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not to provide specific diagnoses and do 
not consider the clinician limitation to meet 
the real nature of the liver disease. Thus, 
the histological examination of liver tissue 
through biopsy is essential to determine a 
precise diagnostic and prognostic (Bunch 
et al., 1985), besides allow a broader view 
of liver disease so that the access to lesion 
morphology can be determined (Tostes & 
Bandarra, 2002).

T. G. P. Silva et al. (2021), when 
investigating the liver condition of goats 
fed spineless cactus, through biochemical 
indicators in the blood and histopathological 
evaluation, reported marked tissue damage 
and a decrease only in the cholesterol serum 
concentration. Thus, we hypothesized that 
spineless cactus-based diets alter the liver 
status of sheep. Consequently, the effects of 
diets containing spineless cactus genotypes 
resistant to carmine cochineal insect 
(Dactylopius opuntiae) on the liver status 
of sheep, through histopathology, were 
evaluated in this study.

Material and Methods

The experiment was carried out 
at the Animal Science Department of the 
Federal Rural University of Pernambuco 
(UFRPE), Recife, Pernambuco State, Brazil. All 
procedures were conducted and approved by 

the Committee of Ethics in the Use of Animals 
(CEUA) of the UFRPE (License Nº 142/2018). 

Thirty-six non-castrated Santa Inês 
male sheep, with initial body weight (BW) 
22.0 ± 2.9 kg, were assigned to a completely 
randomized design, with three treatments 
and 12 replicates. Sheep were housed in 
individual pens equipped with feeding and 
drinking troughs. They were identified, 
weighed, vaccinated against clostridia, and 
dewormed. The experiment lasted 86 days, 
with the first 30 days to the diet’s adaptation, 
followed by 56 days for collecting samples 
and data. 

Diets were formulated to meet the 
nutritional requirements of lambs weighing 
25.0 kg and to achieve gains of approximately 
200 g day-1 according to National Research 
Council [NRC] (2007). The roughage fraction 
was composed of Tifton-85 grass hay 
(Cynodon spp.), ‘Orelha de Elefante Mexicana’ 
– OEM (Opuntia stricta [Haw.] Haw.), and 
‘Miúda’ (Nopalea cochenillifera Salm Dyck). 
The concentrate fraction of diets had ground 
corn, soybean meal, urea, and mineral premix. 
Three different component-fed solid diets 
(treatments) were evaluated: 1) diet with 
Tifton-85 hay (control), 2) diet with Tifton-85 
hay partially (75.0% of dry matter - DM) 
replaced by ‘Miúda’ spineless cactus and, 3) 
diet with Tifton-85 hay partially (75.0% DM) 
replaced by OEM spineless cactus (Table 1).



Dias, F. M. C. et al.

2428 Semina: Ciênc. Agrár. Londrina, v. 43, n. 6, p. 2425-2436, nov./dez. 2022

Table 1
Ingredients and chemical composition of the diets (g/kg DM)

Treatments (g/kg)

Ingredients  Control ‘Miúda’ ‘OEM’1

Tifton-85 hay 600 150 150

‘Miúda’ spineless cactus 0 450 0

‘OEM’1 spineless cactus   0 0 450

Ground corn 270 271 273

Soybean meal      110 100 100

Urea 5.00 14.0 12.0

Mineral mix2  15.0 15.0 15.0

Chemical composition (g/kg DM)

Dry matter3   891 235 190

Ash 76.0 95.8 105

Crude protein 142 142 143

Ether extract   25.6 21.5 23.4

NDFap4 456 267 243

Non-fiber carbohydrates  300 473 486

Total digestible nutrients 648 709 633

Oxalates 4.00 3.60 4.90

1 ‘OEM’ = Orelha de Elefante Mexicana spineless cactus. 2 Nutrients per kg of product = calcium (140 g), phosphorus (70 
g), magnesium (1320 g), iron (2200 mg), cobalt (140 mg), manganese (3690 mg), zinc (4700 mg), iodine (61 mg), selenium 
(45 mg), sulphur (12 g), sodium (148 g) and fluorine (700 mg). 3 g/kg natural matter. 4 Neutral detergent fiber assayed with 
a heat stable amylase and corrected for ash and nitrogenous compounds. 

Water and diets were provided ad 
libitum. The diets were offered as a total mixed 
ration (TMR) divided into two meals at 8h00 
and 15h00, allowing 15.0% leftovers. Feeds 
and leftovers were weighed to measure diet 
intake, with the adjustment of the amount 
every two days. Feces samples were 
collected directly from the animal’s rectums 
in the 8th week of the experimental period, 
for five consecutive days, at five alternate 
times (0, 2, 4, 6, and 8 hours).

Samples of feed, leftovers and 
feces were analyzed to determine the 
concentrations of DM (method 934.01), 
mineral matter (MM) (method 942.05), ether 

extract (EE) (method 920.39), and crude 
protein (CP) (method 990.13), according to the 
Association of Official Analytical Chemists 
[AOAC] (1990). The concentrations of neutral 
detergent fiber (NDF) and acid detergent fiber 
(ADF), and non-fibrous carbohydrates (NFC) 
were analyzed according to Van Soest et al. 
(1991), adapted by Detmann et al. (2012) and 
Hall (2000), respectively. The total digestible 
nutrients (TDN) were calculated according to 
Weiss (1999): TDN (%) = CPD% + NDFapD% 
+ NFCD% + (EED% * 2.25). Total oxalates of 
samples of feed and leftovers were analyzed 
according to Moir (1953). 
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Table 2
Lesion score for histopathological evaluation of the liver of sheep according to the distribution and 
degree of intensity

Category Score Meaning

Intensity 0 Normal

1 Mild

2 Moderate

3 Severe distribution

Distribution 0 Normal

1 Focal

2 Locally extensive

3 Multifocal

4 Multifocal to coalescing

5 Diffuse

Source: T. G. P. Silva et al. (2021).

The DM, CP, and TDN intakes, initial 
BW (kg), and final BW (kg) used in the results 
and discussion of the present study were 
obtained by Lopes et al. (2020). After 86 days 
of the feedlot, the animals were randomized 
slaughtered following the recommendations 
of the current legislation (Instrução Normativa 
n° 3, 2000) and after fasting for 16 h were 
weighed to obtain body weight at slaughter 
(BWS). After the slaughter, the liver of each 
animal was collected and weighed on a 
digital scale. To the DM of the liver tissue and 
histopathological analysis, eight fragments 
about 2.00 cm in length and 0.50 cm from the 
different lobes were obtained. Four fragments 
were placed in identified plastic pots and 
stored at -20 oC. Subsequently, the samples 
were thawed to room temperature and 2.00 
g allocated in glass Petri dishes for drying 
(105 oC, 24 h) (Marques et al., 2011). The other 

half of the liver fragments were immediately 
immersed in 10.0% formaldehyde sodium 
phosphate buffer solution (0.1 M and pH 7.2).

After 48 h of fixation, the fragments 
were transferred to 70.0% ethyl alcohol 
and subsequently dehydrated in increasing 
concentrations of ethyl alcohol, diaphanized 
in xylol, oven-impregnated with liquid paraffin 
(58 oC), and embedded in paraffin. The blocks 
were cut by a microtome set to 5-μm and the 
sections were stained by Hematoxylin-Eosin 
(H.E.), following the protocol of the Department 
of Animal Morphology and Physiology at 
UFRPE. Images capture was performed with 
the aid of the LAZ EZ version 4.1.0 program 
and using a Leica® DM500 optical microscope 
coupled to the camera and connected to a 
computer. The histopathological changes 
observed in the liver were analyzed for the 
degree of intensity and distribution (Table 2).
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The experimental design was 
completely randomized, using the animal 
initial BW as a covariate. The productive data 
were analyzed by analysis of variance and 
the averages compared by Tukey test (P < 
0.05) statistical package Statistical Analysis 
System [SAS] (1999). Histopathological 
changes were analyzed by frequency 
distribution and statistical inference, using 
the Kruskal-Wallis test (P < 0.05) (SAS, 1999).

It was verified inflammatory processes 
and necrosis in the liver parenchyma of sheep 
fed any spineless cactus genotype (Table 
4). The animals fed the ‘Miúda’ spineless 
cactus-based diet showed higher congestion 
(83.3%) concerning that fed ‘OEM’ spineless 

Results and Discussion

Feeding spineless cactus-based 
diets, regardless of genotype, resulted in 
higher fresh liver changes concerning the 
control diet (Table 3).

Table 3
Productive parameters of sheep fed spineless cactus-based diets

Intake (g day-1)
Treatments

SEM2 P-value
Control ‘Miúda’ ‘OEM’1

Dry matter * 1129b 1291a 1172ab

Crude protein* 170a 192a 168b 4.00 0.010

TDN3* 728b 916a 740b 23.0 0.000

Oxalates# 4.98b 4.68b 6.21a 0.27 0.001

Productive data

Initial body weight (kg)* 22.4 22.6 22.8 - -

Final body weight (kg)* 35.0 36.7 36.5 0.70 0.491

Fresh liver (kg) 0.51b 0.68a 0.66a 0.03 0.001

Fresh liver (g kg-1 BW0.75)4 34.3b 46.6a 44.1a 1.88 0.001

Dry liver (g kg-1 NM)5 344 305 320 13.9 0.196
1 ‘OEM’ = ‘Orelha de Elefante Mexicana’ spineless cactus. 2 SEM = Standard error of the mean. 3 Total digestible nutrients. 
4 BW0.75 = metabolic body weight. 5 NM, natural matter. * Values from Lopes et al. (2020). # Values from T. G. P. Silva 
(2020). Averages followed by different letters in rows differ statistically by Tukey test (5%).

cactus and control diet (Table 4). Both ‘Miúda’ 
spineless cactus-based diet and control diet 
caused hepatitis (especially lymphocytic 
infiltrates). The supply of ‘OEM’ spineless 
cactus and control-based diets results in 
83.3% liver parenchyma necrosis (Table 4).
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According to Stalker and Hayes 
(2007), this response occurs in different 
ways. Kupffer cells have distinct properties 
allowing inflammatory insults from the portal 
circulation, and the liver is a regulatory center 
that influences pro-inflammatory insults and 
inflammatory mediators. The hepatocytes can 
degenerate due to toxic lesions, infectious 
or inflammatory processes, nutritional 
deficiency, or severe metabolic disorders 
such as hypoxia (Kelly, 1993). Therefore, it 
is not possible to know if the source of the 
inflammatory insults is resulting from the 
diets offered or from preexisting insults. So, 
it is necessary to take a liver biopsy before 
the animal’s entrance into the experiment, to 
investigate the animal origin and plants of the 
region.

The higher intake of oxalates in sheep 
fed with ‘OEM’ spineless cactus (100%) 
compared to ‘Miúda’ (83.3%) could explain 
the predominance of necrosis in the liver 
parenchyma (Table 3). According to Cruz 

Table 4
Relative (%) and absolute frequency of histopathological changes in the hepatic parenchyma of sheep 
fed with spineless cactus-based diets

Changes
Treatments

Control
n=6

‘Miúda’
n=6

‘OEM’1
n=6

Congestion 66.6 (4/6) 83.3 (5/6) 66.7 (4/6)

Hepatocyte degeneration 0.00 (0/6) 33.3 (2/6) 16.7 (1/6)

Steatosis 0.00 (0/6) 16.7 (1/6) 0.00 (0/6)

Sinusoidal Narrowing 0.00 (0/6) 0.00 (0/6) 16.7 (1/6)

Hepatitis 66.7 (4/6) 66.7 (4/6) 50.0 (3/6)

Kupffer cells Hypertrophy 50.0 (3/6) 16.7 (1/6) 16.7 (1/6)

Hepatocyte hypertrophy 0.00 (0/6) 0.00 (0/6) 16.7 (1/6)

Necrosis 100 (6/6) 83.3 (5/6) 100 (6/6)

1 ‘OEM’ = ‘Orelha de Elefante Mexicana’ spineless cactus.

et al. (2001), oxalate poisoning can cause 
hypocalcemia, renal failure, shallow breathing, 
bradycardia, affecting the hepatic system. 
T. G. P. Silva et al. (2021) also found similar 
results in goats fed ‘OEM’ spineless cactus-
based diets. 

The dietary oxalate levels found (4.00 
to 4.90 g kg-1 DM) is below the toxic level (13.0 
to 18.0 g kg-1 DM), according to Blaney et al. 
(1982) for sheep. T. G. P. Silva et al. (2021), 
evaluating the highest intake of total oxalates 
by goats fed ‘OEM’ spineless cactus (5.77 g 
kg-1 DM), observed intense pericentral lobular 
coagulative necrosis, due to the hydrocyanic 
acid (HCN) and total oxalates in the spineless 
cactus. S. M. C. Silva (2017) found similar 
results in sheep fed spineless cactus-based 
diets. 

The presence of oxalates in the 
spineless cactus builds insoluble salts with 
Ca (calcium) and may affect the ingestion and 
digestion of sheep (Ben Salem et al., 2002). 
Nutritional deficiencies, kidney damage, and 



Dias, F. M. C. et al.

2432 Semina: Ciênc. Agrár. Londrina, v. 43, n. 6, p. 2425-2436, nov./dez. 2022

central nervous system damage, as a result 
of oxalate poisoning, can lead to the death 
of some species of domestic animals. It is 
suggested that the incidence of hepatic 
necrosis of sheep fed control diet may have 
been caused by the presence of other anti-
nutritional factors in this plant, such as HCN. 
Juffo et al. (2012) observed that Tifton-grass 
(Cynodon dactylon) is a species involved in 
HCN poisoning. The necrosis of hepatocytes 
is probably due to the low oxygenation 
caused by HCN, which has an affinity of iron, 
decreasing the availability to binding oxygen 
in erythrocytes, breaking the respiratory 
chain, and causing histotoxic anoxia (Rufino, 
2014). 

Evaluating the focal distribution 
congestion and discrete intensity, there was 
no effect after offering the experimental 
diets, but diffuse necrosis with accentuated 
intensity in the liver parenchyma was 
observed (Tables 5 and 6), without affecting 

BW (Table 3). Considering the predominance 
of severe and diffuse coagulative necrosis 
(Tables 5 and 6) in animals fed ‘Miúda’ and 
‘OEM’ spineless cactus-based diets, it is 
suggested that the liver responds to various 
injuries and the presence of inflammatory 
lymphocyte processes, including toxic 
lesions (Cullen, 2009). Gonzalez and Silva 
(2006) observed that the liver, kidneys, 
intestines, pancreas, bones, and the placenta 
have higher concentrations of alkaline 
phosphatase enzyme (AP) in cell membranes, 
present in biliary epithelial cells, and the 
canicular membranes of hepatocytes. These 
authors suggested that the serum AP can be 
originated by other isoforms, such as bone 
or renal origin, which makes it difficult to 
interpret the results. Diseases such as hepatic 
lipidosis and parenchymal inflammation also 
lead to obstruction of small bile canaliculi and 
indirect AP release. 

Table 5
Medians of the distribution of histopathological changes in the liver parenchyma of sheep fed with 
spineless cactus-based diets

Changes
Treatments

P-value*Control
n=6

‘Miúda’
n=6

‘OEM’1
n=6

Congestion 1.50 1.50 1.50 0.888

Hepatocyte degeneration 0 0 0 0.623

Steatosis 0 0 0 0.853

Sinusoidal narrowing 0 0 0 0.854

Hepatitis 3.00 2.00 0.50 0.697

Kupffer cells hypertrophy 1.50 0 0 0.446

Hepatocyte hypertrophy 0 0 0 0.854

Necrosis 3.50 5.00 5.00 0.474

1 ‘OEM’ = ‘Orelha de Elefante Mexicana’ spineless cactus; * Kruskal-Wallis test at 5% of significance.
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The higher concentrations of AP 
enzyme are related to liver changes such 
as cholangitis or extrahepatic bile duct 
obstruction, biliary cirrhosis, and hepatocyte 
necrosis (Kaneko, 2008). S. M. C. Silva (2017) 
observed high activity of serum AP enzyme 
(519 ± 183 U L-1 and 562 ± 151 U L-1) using 
‘Miúda’ and ‘OEM’ spineless cactus-based 
diets. Kaneko (2008) suggested the average 
value of 68-387 U L-1 (178 ± 102 U L-1) is in the 
normal range. 

It is noteworthy that, despite the 
histopathological lesions observed in the 
liver of sheep that received diets containing 
the spineless cactus genotypes, there was no 
impairment in the weight gain of the animals 
(Table 3), which reinforces the possibility of 
using this cactus as strategic food for dry 
regions of the world.

Table 6
Medians of the intensity of histopathological changes in the liver parenchyma of sheep fed with 
spineless cactus-based diets

Changes
Treatments

P-value*Control
n=6

‘Miúda’
n=6

‘OEM’1
n=6

Congestion 0.50 1.00 1.00 0.816

Hepatocyte degeneration 0 0 0 0.623

Steatosis 0 0 0 0.853

Sinusoidal narrowing 0 0 0 0.854

Hepatitis 1.00 1.00 1.00 0.932

Kupffer cells hypertrophy 0.50 0 0 0.532

Hepatocyte hypertrophy 0 0 0 0.854

Necrosis 1.50 3.00 3.00 0.095

1 ‘OEM’ = ‘Orelha de Elefante Mexicana’ spineless cactus; * Kruskal-Wallis test at 5% of significance.

Conclusion

The addition of the spineless cactus 
resistant to Dactylopius opuntiae in the 
diets causes damage to liver tissue, such 
as inflammation and death process of 
hepatocytes, but it does not compromise 
sheep weight gain.
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