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Simple Summary: In recent years, the search for a healthy standard of living has become imperative,
so consumers seek more information about the nutritional composition of the foods they consume.
In this context, there is a deficiency in the characterization of the mineral components present in
the liver of buffaloes. Thus, the aim of the study was to evaluate the mineral content of liver from
buffaloes raised in different production ecosystems; three in native and cultivated pastures, in two
times seasons of the year (dry and rainy season), and one in confinement in the Eastern Amazon. The
different ecosystems of native and cultivated pastures, in the dry and rainy periods of the year, and
one in an intensive ecosystem in the Eastern Amazon, influenced the levels of minerals present in
the liver tissue of buffaloes. The different ecosystems studied affected the values of minerals found
in the liver of buffaloes raised in these ecosystems, for sodium (Na), K, calcium (Ca), magnesium
(Mg), sulfur (S), copper (Cu), iron (Fe), manganese (Mn) and barium (Ba). Therefore, buffalo liver is
an excellent source of minerals and can be included in the human diet, in order to meet nutritional
requirements for minerals.

Abstract: This study aimed to evaluate the influence of different production ecosystems, three in
native and cultivated pastures (extensive), at two seasons of the year (dry and rainy), and one
in confinement (intensive) in the Eastern Amazon, on the mineral content of buffalo liver raised
on these ecosystems. Twelve male buffalo (n = 12), aged between 24 and 36 months, slaughtered
in commercial slaughterhouses, were used in each of the ecosystems considered: Marajó; Lower
Amazon; Cultivated Pasture, and in confinement system, Pará, Brazil. Approximately 5 g of liver was
collected, stored and frozen until lyophilization. Samples were analyzed for mineral content based
on inductively coupled plasma optical emission spectrometry (ICPOES) readings. The relationship
between extensive ecosystems and an intensive production system (p < 0.05) in the values of potassium
(K), iron (Fe), copper (Cu), manganese (Mn) and barium (Ba) was evaluated. The different ecosystems
studied influenced (p < 0.05) the mineral values found in the liver of buffaloes raised in the ecosystems,
for sodium (Na), K, calcium (Ca), magnesium (Mg), sulfur (S), copper (Cu), iron (Fe), manganese
(Mn) and barium (Ba). The period of the year interacted with the values of Na, K, S and Cu; however,
an interaction of local vs. period of the yer was observed for the values of K, Mg, P, S and Cu. It
can be concluded that the buffalo liver is an excellent source of minerals and can be included in the
human diet and that the ecosystem the animals are raised influences its content.
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1. Introduction

The water buffalo species has shown to be increasingly efficient in terms of productiv-
ity, in addition to improving its ability to adapt to environments, while the appreciation of
the nutritional value of its meat and other marketed organs has pleased the population that
consumes them [1–9].

Among the various nutrients contained in the liver of ruminants, minerals are of
fundamental importance, as they participate in multiple vital functions of the animal and
human organism [10–15]. The animal organism contains around 50 minerals; macrominer-
als, which are calcium, phosphorus, magnesium, potassium, sodium, chlorine and sulfur,
which are required in greater quantities, and microminerals such as iron, cobalt, copper,
iodine, manganese, zinc and selenium, which are called essential, as they are needed in
small amounts [16,17].

Dietary Reference Intakes (DRIs) developed by the Food and Nutrition Board (FNB) at
the Institute of Medicine [18] of the National Academies (formerly the National Academy
of Sciences) reported that beef liver provides around 7.5 mg of Fe/85 g, being the second
largest source of iron among meat products, with chicken liver in the first position, per
portion. The recommended Fe content per individual was considered according to age,
diet, sex, among others. A premenopausal woman, for example, needs 18 mg of Fe per day.

In the Eastern Amazon, buffaloes are raised in pasture ecosystems, such as native
pastures from Marajó, native pastures from Lower and Middle Amazon, and from native
and cultivated pastures from drylands, where more productive foragens with better nu-
tritional value are used, in herds formed by animals with a better genetic pattern [19–21].
Buffaloes use these pastures more efficiently than cattle [22]. It is believed that the different
Amazonian ecosystems can influence the levels of minerals in the liver of these animals.
The aim of the study was to evaluate the mineral content of liver from buffaloes raised in
different production ecosystems; three in native and cultivated pastures, in seasons (dry
and rainy), and one in confinement in the Eastern Amazon.

2. Materials and Methods
2.1. Animals

The study was carried out using samples of liver from crossbred buffaloes of the
Murrah/Mediterranean breeds, from three breeding ecosystems in the Eastern Amazon,
raised in extensive production systems, in two seasons of the year (dry and rainy season),
and animals raised in confinement, in an intensive production system.

After the animals had been slaughtered in a commercial slaughterhouse using com-
mercial practices, a sample of the liver and adipose tissue of twelve animals reared in
different ecosystems was obtained. Each farm was considered a representative sample
of the production system in that particular region. Thus, this research was approved by
the Ethics Committee for the Use of Animals (CEUA), with protocol number 4542190820,
granted by the Federal Rural University of Amazônia (UFRA).

These tissue samples were collected in commercial slaughterhouses, where the animals
were slaughtered, in each of the considered ecosystems.

For each treatment were used twelve male buffaloes, aged between 24 and 36 months,
with an average weight of 432 kg at end rainy and 409 kg at end dry season. The animals of
confinement system tinha 18 months and average weight of 433 kg. The total of animals
added 84.

2.2. Ecosystems Studied

The experimental treatments involved three under pasture buffalo-breeding ecosys-
tems in the Amazon, and one under confinement for slaughter, in an intensive system:
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Ecosystem 1—Marajó—rural breeding property located in the Mesoregion of Marajó,
Soure, Pará, Brazil (latitude 0◦39′27.89′ ′ S, longitude 48◦42′35.01′ ′ W, altitude of 7 m).
Tropical rainy climate Am, according to the classification of Kööpen [23], with an aver-
age annual temperature of 27 ◦C, average relative humidity of 85% and average annual
precipitation of 2500 mm, distributed in two distinct periods: one of maximum, January
to June (average temperature—AT of 27.7 ◦C, maximum temperature—MaxT of 31.7 ◦C,
minimum temperature—MinT of 22.7 ◦C, RH of 87.2% and average rainfall—AR of 316.4
mm), and another from minimum, from September to November (AT of 28.8 ◦C, MaxT
of 32.9 ◦C, MinT of 23.3 ◦C, RU of 83.0% and AR of 122.2 mm) [24]. In this ecosystem,
buffaloes are reared in a traditional system, fed exclusively on pasture, with grasses native
to areas subject to flooding, such as Panicum elephantipes, Leersia hexandra and Hymenachne
amplexicaulis. In this system, the animals received supplemental mineral salt ad libitum.

Ecosystem 2—Lower Amazon - rural property located in the Lower Amazon Mesore-
gion, Santarém, Pará, Brazil (latitude 02◦41′48.83′ ′ S, longitude 54◦38′35.43′ ′ W, altitude
108 m). Rainy tropical Am climate, according to the Kööpen classification, with an av-
erage annual temperature of 26 ◦C, average relative humidity of 86% and rainfall of
2000 mm/year, with greater intensity between January and May (AT of 26.1 ◦C, MaxT of
29.8 ◦C, MinT of 23.8 ◦C, RH of 87.6% and AR of 296 mm) [24], when average precipita-
tion monthly ranges from 120 mm to 380 mm. The months of June to November (AT of
27.2 ◦C, MaxT of 31.4 ◦C, MinT of 24.2 ◦C, RH of 84.4% and AR of 20 mm) [24] are the driest
period, with average rainfall below 60 mm. In this breeding ecosystem, buffaloes are raised
in the traditional way on pasture, in native pastures in areas subject to flooding. During
the collection of pastures, there was also an availability of cultivated grasses Panicum
maximum cv. Mombasa and Bhachiaria brizantha. In this system, the animals received
supplemental mineral salt ad libitum.

Ecosystem 3—Cultivated Pasture —rural property located in the Northeast Mesore-
gion of Pará, Nova Timboteua, Pará, Brazil (latitude 01◦12′52.63′ ′ S, longitude 47◦24′30.94′ ′

W, altitude 53 m). Am-type climate, according to the Kööpen classification, average annual
temperature of 26.1 ◦C, average relative humidity of 86% and average annual rainfall
of 2467 mm, with a dry period from September to November (AT of 29.1 ◦C, MaxT of
33.5 ◦C, MinT of 22.0 ◦C, RU of 75.2% and AR of 25.1 mm) [24] and a rainy period from De-
cember to August (AT of 27.2 ◦C, MaxT of 31.9 ◦C, MinT of 22.5 ◦C, RU of 86.1% and AR of
259.7 mm) [24]. In this ecosystem, the animals was feed on cultivated drylands pastures
(Panicum maximum cv. Mombaça and Bhachiaria humidicola), in areas originally forested.
In this system, the animals received supplemental mineral salt ad libitum. The animals
received Wet Brewery Waste during the dry period.

Ecosystem 4—Confinement—rural property located in the Northeast Mesoregion of
Pará, Tomé-Açu, Pará, Brazil (latitude 02◦25′08′ ′ S, longitude 48◦09′08′ ′ W, altitude 45 m).
In this breeding system, the animals, called “Buffalo Premium”, are confined with initial
weight around 218 kg and left with 433 kg, at 18 months of age, after 192 days of feeding.
Feed consisted of sorghum silage, soybean meal, wet sorghum premix and commercial
feed (high performance core).

2.3. Collection of Food Samples and Bromatological Analysis

Pasture samples were collected from rural properties where the experimental animals
were raised. Subsamples of 1 m2 were collected at five different points in each pasture.
Subsequently, the five subsamples from each pasture were homogenized together, weighed,
and then approximately 1 kg of sample from each forage was collected, which were sent
separately to the laboratory. Food samples offered to animals in the confinement system
were also collected. Bromatological analyses were carried out at the Laboratory of Animal
Nutrition at the Federal University of Pará/Campus Castanhal.

The feed samples were subjected to partial drying in a forced ventilation oven at a
temperature of 55 to 60 ◦C for 24 to 72 h, to avoid loss of volatile compounds and chemical
changes, allowing the analysis of their components later. After drying, the samples were
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cooled to room temperature in order to minimize moisture changes and ground in a Willey
mill to 1 mm for laboratory analysis. Food samples were analyzed for dry matter (MS;
method INCT-CA G-003/1) at 105 ◦C for 16 h and mineral matter (MM; INCT-CA M-001/1)
in a muffle furnace at 600 ◦C for 4 h.

Total nitrogen (INCT-CA N-001/1 method) was quantified using a three-step micro
Kjeldhal analysis (digestion with sulfuric acid, basic distillation and titration with hy-
drochloric acid) and the value obtained was multiplied by 6.25 to obtain crude
protein (CP).

The contents of ether extract (EE; INCT-CA G-004/1), neutral detergent fiber (NDF;
INCT-CA F-001/1 and INCT-CA F-002/1) and acid detergent fiber were evaluated, as
well as acid (ADF; INCT-AC F-003/1 and INCT-AC F-004/1), both corrected for protein
and ash, according to the methods recommended by the National Institute of Science and
Technology in Animal Science (INCT-CA) [25].

To determine non-fiber carbohydrates, the methodology of Sniffen et al. [26] and
for TDN.

2.4. Collection of Animal Tissue Samples

Twelve liver were collected from water buffaloes belonging to each experimental
group (ecosystems and period of year). The sampling was carried out upon arrival at
the slaughterhouse, after evisceration. Approximately 50 g (wet weight) of tissue were
collected per sample and stored in a freezer and frozen at −80 ◦C. Then, the samples were
lyophilized for a minimum of 24 h (liver), using a Christ Alpha 1–2 LDplus lyophilizer
(Christ alpha, Osterode am Harz, Germany) in the Laboratory of Animal Nutrition, Federal
Rural University of the Amazon, Belém, Pará, Brazil. The lyophilized samples were sent to
the Faculty of Veterinary Medicine, University of Lisbon, where they were processed.

2.5. Sample Preparation and Digestion

Approximately 1 g of the liver tissue was weighed and dried to constant weight at
65 ◦C. After drying, all samples were ground with a mortar and pestle until obtaining a fine
and homogeneous powder and weighed in a digestion tube (50 mL) until an approximate
weight of 0.3 g.

Sample dissolution was performed as an adaptation of the method described by
Roselli et al. [27]. Briefly, 3 mL of concentrated nitric acid, 10 mL of acid hydrochloride and
1 mL of hydrogen peroxide were added to each digestion tube. The samples were left in
the acids for 16 h and hydrogen peroxide was added immediately before digestion to avoid
sample loss due to the reaction between the hydrogen peroxide and the acids.

After adding the acid mixture, the tubes were randomly distributed on a digestion
plate (DigiPREP MS, SCP Science) in which they were heated following the pattern: 1 h
to reach 95 ◦C and then 1 h at 95 ◦C. After a total digestion time of 2 h, the samples were
allowed to cool in a ventilated chamber.

Once at room temperature, the samples were diluted with distilled water in a volu-
metric flask (25 mL). Diluted samples were filtered into sealed vials using filter papers
with a diameter of 90 mm (Filter-Lab ref. 1242, Filtros Anoia, S.A., Barcelona, Spain). Since
ICP-OES readings could occur, the filtered solution was transferred to the ICP tubes. These
tubes were then arranged with their respective blanks on a conveyor.

2.6. Readings by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)

ICP-OES readings were performed on a Thermo Scientific iCAP 7000 series, ICP-OES
spectrometer, equipped with an autosampler. The standards of various elements were used
to create the necessary calibration curves to quantify the different elements. Detection and
quantification of various elements took place overnight, to detect the following elements:
Sn (tin), V (vanadium), Li (lithium), Ba (barium), Se (selenium), As (arsenic), Co (cobalt),
Zn (zinc), Fe (iron), Mn (manganese), Cu (copper), Pb (lead), Cd (cadmium), Ni (nickel), Cr
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(chromium), S (sulfur), P (phosphorus), Mg (magnesium), Ca (calcium), K (potassium) and
Na (sodium). No further dilution was required for any element prior to analysis.

2.7. Statistical Analysis

The experimental design was completely randomized in a 3 × 2 + 1 factorial ar-
rangement (three ecosystems x two seasons of the year and one additional treatment
corresponding to confinement). The collected variables were analyzed in PROC MIXED
of SAS version 9 [28], considering the following model: Yijk = µ + αi + βj + γij+ εijk and
yh = µ + δα + εh

in which:
Yijk: response variable related to the i-th level of the ecosystem (i = 1, 2 and 3) with the j-th
level of the period (j = 1, 2) in the k-th repetition (k = 1, 2, . . . , r);
µ: overall mean;
αi: effect of the i-th level of the ecosystem;
βj: effect of the jth level of the period;
γij: interaction effect of the i-th level of the ecosystem with the j-th level of the period;
εijk: experimental error associated with the animal of yijk and assumption that εijk ~ N (0,
σ2) is independent;
yh: response variable associated with the h-th observation (h = 1, 2, . . . , m) of additional
treatment;
δα: is the effect of additional treatment;
εh: experimental error associated with additional treatment with the assumption that εh
~N (0, σ2) is independent.

The model considers ecosystems and seasons as fixed effects (meat produced exten-
sively or intensively). Contrasts between extensive and intensive ecosystems and inter-
action between experimental site and time of year were considered. To assess differences
between groups, at a significance level of 0.05, the Tukey–Kramer test was applied, as the
data were unbalanced due to losses.

3. Results

Table 1 shows the chemical and mineral composition of the diets of Murrah vs. Mediter-
ranean buffaloes raised intensively (confined) and extensively in three types of ecosystems
in the Amazon, Brazil, in the dry and rainy periods of the year.

The values of minerals contained in the liver tissue of buffaloes rearing in different
ecosystems in the Eastern Amazon, in the dry and rainy period of the year, and one in the
confinement ecosystem are in Table 2.

The different ecosystems studied significantly influenced (p < 0.05) the results obtained
for Na contained in the liver. There was a significant influence (p < 0.05) of the location,
with higher values of Na, for the dry season of 3111.65 mg/kg and for the rainy season
of 3497.28 mg/kg in the liver of buffaloes raised on Marajó. The periods of the year also
influenced the results, with higher Na values in the liver tissue of the animals reared during
the rainy season of the year; however, there was no difference between the intensive and
extensive systems (p > 0.05) (Table 2).

The extensive vs. intensive ecosystem relationship showed significant differences
(p < 0.05) for the K present in the liver of buffaloes. The place of study, the period of the
year and the interaction place vs. period of the year influenced the results detected in the
liver for K (Table 2).

The results of Ca were influenced (p < 0.05) by the different ecosystems, with higher
values in the liver tissue of animals reared in all ecosystems, except for the Cultivated
Pasture ecosystem (Table 2). The different study sites significantly influenced (p < 0.05) the
results of Mg contained in the liver of buffaloes raised in these ecosystems. The location vs.
season of the year interaction significantly influenced the values of P, present in the liver
of buffaloes. The location, the time of year and the location vs. season of year interaction
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significantly influenced (p < 0.05) the values of S present in the liver of buffaloes raised in
the different ecosystems.

Table 1. Proximate and chemical composition of the diets of Murrah × Mediterranean buffaloes
reared intensively and extensively in three types of ecosystems in the Amazon (Brazil) during the dry
(DR) and rainy (RS) periods of the year (n = 3).

Extensive Intensive

Lower Amazon 1 Marajó 2 Cultivated Pasture 3
Confinement 4

DR RS DR RS DR RS

Proximal Composition (% ms) Forage Wet Brewery
Waste *

Dry matter 23.95 24.10 23.87 18.31 23.32 26.12 24.71 39.00
Organic matter 91.53 90.98 89.45 84.86 91.79 96.88 95.35 94.77
Crude protein 7.86 8.72 7.56 8.86 7.73 28.03 9.38 8.27

NDFap 73.23 79.07 68.72 70.91 75.73 55.69 68.96 54.36
ADFap 44.87 54.90 40.05 43.90 55.80 22.55 44.51 38.08

NFC 9.07 1.79 11.79 3.09 6.27 5.16 13.85 29.58
Ether extract 1.36 1.40 1.38 1.99 1.64 8.00 2.06 2.56

TDN 51.59 42.20 56.09 52.5 41.35 72.48 51.93 57.94
Ash 8.47 9.02 10.55 15.14 8.21 3.12 6.17 5.23

Macrominerals (mg/kg)
Na 111.74 619.37 1288.62 2956.53 941.61 204.80 1885.58 13,166.52
K 18,355.04 11,284.57 16,229.75 14,277.76 18,759.52 3009.34 11,054.25 3009.34
Ca 2971.56 2371.85 2672.26 2624.79 5413.91 4392.73 6536.74 31,684.45
Mg 2034.36 3998.71 2226.14 2111.98 3573.64 2447.88 4839.89 3994.34
P 766.73 790.17 2030.83 806.84 2426.34 8250.37 2772.62 4701.74
S 963.63 816.49 2533.34 2165.16 1253.20 2953.27 1538.24 5565.03

Microminerals (mg/kg)
Cu 3.19 3.08 ** 3.63 6.70 12.85 6.09 53.38
Zn 18.03 29.32 ** 37.07 33.98 86.77 31.58 247.11
Fe 106.87 144.36 ** 1750.79 203.80 232.18 90.98 1509.62
Mn 100.48 143.52 ** 401.92 121.14 46.77 326.46 740.68

Other
Ba 1.81 4.87 ** 10.49 2.76 18.29 3.29 43.49

ote: periods dry (DR); periods rainy (RS). % ms = % dry matter. Na = Sodium, K = Potassium, Ca = Calcium,
Mg = Magnesium, P = Phosphorus, S = Sulfur, Cu = Copper, Zn = Zinc, Fe = Iron, Mn = Manganese, Ba = Barium.
NDFap = Neutral detergent fiber corrected for ash and protein. ADFap = Acid detergent fiber corrected for ash
and protein. NFC = Non-fiber carbohydrates; TDN = Total digestible nutrients. Diets = 1 Ecosystem—Lower
Amazon—In this breeding ecosystem, buffaloes are raised in the traditional way on pasture, in native pastures in
areas subject to flooding. During the collection of pastures, there was also an availability of cultivated grasses
Panicum maximum cv. Mombasa and Bhachiaria brizantha. 2 Ecosystem— Marajó. In this ecosystem, buffaloes are
reared in a traditional system, fed exclusively on pasture, with grasses native to areas subject to flooding, such as
Panicum elephantipes, Leersia hexandra and Hymenachne amplexicaulis. 3 Ecosystem—Cultivated Pasture—In this
ecosystem, the animals feed on cultivated terra firme pastures (Panicum maximum cv. Mombaça and Bhachiaria
humidicola), in areas originally forested (* the animals received wet brewery waste during the dry period).
4 Ecosystem—Confinement—Feed consisted of sorghum silage, soybean meal, wet sorghum premix and commer-
cial feed (high performance core). ** Indicates that there was no data on this parameter.

The extensive vs. intensive ecosystem relationship, location, period of the year and the
interaction location vs. season of the year significantly influenced (p < 0.05) the Cu results
observed in the liver tissue of buffaloes. The results of Zn present in the liver of buffaloes
raised in different Amazonian ecosystems were different (p < 0.05). The relationship
between extensive and intensive ecosystems and the study site influenced the results of Fe
contained in the liver. The relationship between extensive and intensive ecosystems and
the studied locations influenced the effects obtained for Mn, with higher values observed in
the ecosystem of the Marajó. The relationship between extensive and intensive ecosystems
and the study site significantly influenced (p < 0.05) the Ba values present in buffaloes’
livers (Table 2).
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There was no effect of ecosystems and seasons on the values of the Cr, Ni, As, Li, Pb,
Co, Sn, V and Cd. Cr and Ni showed values lower than 2.0 mg/kg in dry matter (DM)
in the liver tissue of buffaloes from the different Amazonian ecosystems studied. As and
Li showed values lower than 1.5 mk/kg. Pb, Co, Sn and V showed values lower than 1.0
mg/kg and Cd showed values lower than 0.05 mg/kg in DM in the liver of buffaloes from
the different ecosystems studied.

Table 2. Mineral composition in the liver of Murrah × Mediterranean crossbred buffaloes raised
intensively and extensively in three types of ecosystems in the Amazon (Brazil), in the dry (DR) and
rainy (RS) periods of the year (n = 12), and one in lockdown.

Extensive Intensive

Confinement 4 EP

p Values

Lower Amazon 1 Marajó 2 Cultivated Pasture 3 Extensive vs.
Intensive

Location (L) Period (P) L * PDR RS DR RS DR RS

Macrominerals (mg/kg)
Na 2463.47 cd 2780.81 bcd 3111.65 ab 3497.28 a 2262.74 d 2699.41 bcd 2870.42 bc 131.07 0.6347 <0.0001 (M > S = N) 0.0011 (DR < RS) 0.9099
K 10,454.0 c 11,744.0 ab 10,965.0 bc 11,013.0 abc 12,051.0 a 12,004.0 ab 11,995.0 ab 244.06 0.0212 0.0003 0.0477 0.0211
Ca 672.50 a 676.62 a 717.17 a 747.44 a 476.13 b 477.98 b 677.63 a 28.933 0.1180 <0.0001 (S = M > N) 0.6249 0.8684
Mg 678.42 abc 731.72 a 692.79 ab 697.29 ab 635.01 bc 617.52 c 689.32 ab 15.713 0.419 <0.0001 (S = M > N) 0.3251 0.1039
P 11,714 ab 12,010 ab 11,974 ab 11,469 b 12,140 a 11,695 ab 11,787.00 ab 150.04 0.7726 0.4195 0.0864 0.0180
S 6085.90 b 6703.85 a 6687.72 a 6798.98 a 6059.22 b 6068.00 b 6555.97 a 101.55 0.1628 <0.0001 0.0078 0.0160

Microminerals (mg/kg)
Cu 18,816.0 c 69,505.8 bc 6235.0 c 6168.3 c 257.96 a 93,784 b 126.14 b 14.873 0.0025 <0.0001 0.0049 <0.0001
Zn 94.06 b 100.38 ab 100.93 ab 116.44 a 102.07 ab 96.36 ab 101.55 ab 4.787 0.9763 0.0652 0.2132 0.1343
Fe 507.62 c 435.94 c 1266.30 ab 1381.29 a 453.97 c 704.39 bc 476.45 c 126.59 0.0249 <0.0001 (M > S = N) 0.3984 0.5330
Mn 13.31 ab 12.50 ab 15.86 a 14.86 a 12.30 ab 12.42 ab 9.71 b 1.05 0.0012 0.0278 (M > N = S) 0.5588 0.8815

Other (mg/kg)
Ba 4.90 abc 2.04 cd 3.24 abcd 2.62 b 5.62 ab 6.32 a 1.42 d 0.7715 0.0019 0.0018 (N > S = M) 0.1889 0.1227

Note: periods dry (DR); periods rainy (RS). EP = standard error. Na = Sodium, K = Potassium, Ca = Cal-
cium, Mg = Magnesium, P = Phosphorus, S = Sulfur, Cu = Copper, Zn = Zinc, Fe = Iron, Mn = Manganese,
Ba = Barium. Different letters on the lines indicate statistical difference (p < 0.05). Diets = Diets = 1 Ecosystem—
Lower Amazon—In this breeding ecosystem, buffaloes are raised in the traditional way on pasture, in native
pastures in areas subject to flooding. During the collection of pastures, there was also an availability of cultivated
grasses Panicum maximum cv. Mombasa and Bhachiaria brizantha. 2 Ecosystem—Marajó. In this ecosystem, buf-
faloes are reared in a traditional system, fed exclusively on pasture, with grasses native to areas subject to flooding,
such as Panicum elephantipes, Leersia hexandra and Hymenachne amplexicaulis. 3 Ecosystem—Cultivated Pasture—In
this ecosystem, the animals feed on cultivated pastures (Panicum maximum cv. Mombaça and Bhachiaria humidicola),
in areas originally forested (* the animals received wet brewery waste during the dry period). 4 Ecosystem—
Confinement—Feed consisted of sorghum silage, soybean meal, wet sorghum premix and commercial feed (high
performance core).

4. Discussion

Among the minerals, the Na is an important mineral for human nutrition [29]. Along
with potassium, it regulates the body’s water balance. It influences the conduction of
nerve impulses, muscle contractions and blood pressure [30]. The highest Na values were
found in the liver of buffaloes raised in the Marajó ecosystem, at the end of the dry season,
3111.65 mg/kg and at the end of the rainy season, with greater availability of forage
mass, 3497.28 mg/kg (Table 2). This may have occurred because higher levels of Na were
observed in the pasture on Marajó in both periods studied (DR = 1288.62 and RS = 2956.53).
In addition, the buffaloes in this ecosystem fed on three different sources of grass (Panicum
elephantipes, Leersia hexandra and Hymenachne amplexicaulis), which may have favored the
increase in this mineral in the livers of the studied animals. In addition, Marajó water
contains higher levels of Na, as it is brackish. In the analysis of the concentration of this
macromineral in the liver of lambs of three different breeds (Australian Merino, Damara
and Dorper), values [30] close to those found in the present study were observed.

Associated with Na and K acts in the body’s water balance, acts in the transmission
of nerve impulses, maintains normal heart rate and blood pressure [31]. For K, the lowest
value was detected in the liver of animals raised in the dry season at lower amazon
(10,454.0 mg/kg) and the highest (12,051.0 mg/kg) in the liver of buffaloes raised at
cultivated pasture, during the dry season. of the year, Such results can be explained by
the influence of the time of year on the absorption of this mineral, as the observed effects
occur because this element is an intracellular ion capable of providing considerable muscle
stimuli [32]. In Lower Amazon, even with high concentrations of K in the forage in the
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dry period (K = 18,355.04 mg/kg), the lowest levels of this mineral were observed in
the liver, which may be related to the low rate of ingestion of these forages in the dry
period of the year. In cultivated pasture, where a higher amount of K was observed in
the liver of buffaloes, in addition to the considerable amount of this mineral in the forage
(K—18,759.52 mg/kg), that there was a higher consumption rate, which may have favored
the higher concentration of this mineral in the liver.

Among the minerals, the Ca is the most abundant mineral in the body. Approximately
99% is present in bones and teeth, the rest remaining is found in other tissues. It acts in
balance with phosphorus and is essential for the maintenance of bone tissue. It participates
in the regulation of blood pressure, blood clotting, muscle contraction, hormone secretion,
nerve transmission and, together with phosphorus, forming the structure of several en-
zymes [33]. The lowest Ca values were observed in the liver tissue of buffaloes raised in the
cultivated pasture ecosystem, in both periods of the year (Table 2). Although the cultivated
pasture pasture has higher levels of Ca (DR = 5413.91 mg/kg, RS = 6536.74 mg/kg), there
was probably less absorption of this mineral in the intestines of the animals. This Ca
absorption may be related to vitamin D deficiency [34], which was not measured in this
work. The highest concentration of Ca in the liver of buffaloes raised on Marajó in both
periods of the year may be associated with a diet rich in this mineral (DR = 2672.26 mg/kg,
RS = 2624.79 mg/kg) with high rates of forage consumption.

The Ca content in the liver of buffaloes from all ecosystems studied was higher than the
values found by Tajik et al. [35], who reported Ca content in the liver of male buffaloes from
Iran, 219.90 mg/kg, a much lower value than those found in the present study. It seems that
the mineral composition of the diet influences the mineral bioavailability and, consequently,
the mineral profiles of the tissues studied [14]. It was observed in supplemented castrated
kids and lambs from the Polish plain, an increase in Ca concentrations in the liver of these
animals, 6.66 mg/kg and 15.24 mg/kg, respectively [36,37], which are relatively low values
when compared to the present study (Table 2).

The Mg participates in the formation of bones and teeth, it is essential in muscle
contraction and relaxation, it also participates in the immune system, in the formation of
antibodies and in the activation of several enzymes [33]. The livers of animals reared in the
lower amazon ecosystem, during the rainy season of the year, had the highest Mg value
(731.72 mg/kg). The liver tissue of buffaloes raised in the cultivated pasture ecosystem
showed higher P values at the end of the dry period (Table 2). The diet consumed by
animals in this ecosystem, as shown in Table 1, showed higher levels of P. S was relatively
higher in the livers of animals reared in the ecosystems of lower amazon, in the rainy season
(6703.85 mg/kg), on the Marajó in both periods (dry period, 6687.72 mg/kg and rainy
period, 6798.98 mg/kg) and in confinement (6555.97 mg/kg). Similar results for Mg levels
were evidenced by Ribeiro et al. [30] in the liver of lambs of three breds. These mineral
differences, evidenced according to the region evaluated, indicate that the nutrition from
each forage present in the three different ecosystems influences the mineral content present
in the animals [38–44]. The highest amount of Mg evidenced in lower amazon in the rainy
period (RS = 3998.71 mg/kg) and in Marajó in the dry season (DR = 2226.14 mg/kg) may
have occurred due to the presence of high concentrations of this mineral in the forage of
these ecosystems, 3998.71 mg/kg and 2226.14 mg/kg, respectively.

Like Ca, P is vital for building strong bones and teeth. It builds the structure of
cells and is important in many biochemical reactions, such as energy metabolism. The
amounts of phosphorus and calcium need to be in balance with each other for them to
perform their functions [43]. The daily P recommendation for adult humans is 700 mg [44].
The liver tissue of buffaloes reared in the cultivated pasture ecosystem, in the dry period,
showed a higher content (12,140 P mg/kg/DM) for P (Table 2) and lower for lower amazon
in the rainiest period (12,010 P mg/kg/DM). This may have occurred due to the high
concentration of this mineral in the forage of the studied ecosystem (DR—2426.34 mg/kg,
Forage 2772.62 mg/kg) when compared with Marajó.
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The animals from Marajó had the lowest P values in the liver (DR = 11,974 mg/kg,
RS = 11,469 mg/kg), even with high levels of this mineral in the ingested forage in both
periods (DR = 2030.83 mg/kg, RS = 806.84 mg/kg). probably because this is an intracellular
anion, acting in energy storage, transport and the structuring of cell membranes, in addition
to participating in the structure of bones and teeth, the structure of the cell nucleus and
cytoplasm, acid-base balance, transforming energy, transmitting impulses and participating
in the metabolism of carbohydrates, fats and proteins [45]. These activities may have
required part of the P present in the liver, thus reducing its concentration in this organ.
Another justification for the low concentration of P in the liver is the interaction of this
mineral with Ca, and the higher Ca content in the diet, as observed in this study, may have
caused a reduction in P in the body [46,47]. In Brazil, P deficiency in animals is the most
common and economically important disease [48].

Among the minerals, Cu plays an important role in the immune system, as it in-
creases the feedback for monocytes, neutrophils and T cells [49], and its deficiency is
related to a reduction in the cellular and humoral immune response [50]. Another im-
portant point is that it is associated with the maturation of red blood cells, in addition
to of a having a synergistic effect with iron in the formation of hemoglobin [51]. This
microelement participates in the formation of bone and connective tissue and is important
in the integrity of the central nervous system [52]. Among the microminerals studied, Cu
was found in greater amounts in the liver of buffaloes raised in the cultivated pasture
ecosystem in the dry period of the year (257.96 mg/kg) and the wettest period of the year
(93,784.0 mg/kg). This value is much higher than that found by Pereira and Cardoso [53],
who observed mean liver copper values of 19.51 mg/kg in young and adult buffaloes
raised on the Marajó. Copper levels in the liver tissue of 104 buffaloes were also evaluated
on the Marajó, which showed mean values of 5.57 ± 7.60 mg/kg [52]. Buffaloes from culti-
vated pasture consumed forage with higher Cu content both in the dry (DR = 6.70 mg/kg)
and rainy season (RS = 6.09 mg/kg) when compared to the ecosystems of lower amazon
(DR = 3.19 mg/kg, RS = 3.08 mg/kg) and Marajó (DR—Not identified, RS = 3.63 mg/kg),
maximizing the concentration of this mineral in the livers of the animals. The daily Cu
recommendation for human food is 0.9 mg; therefore, buffalo livers from all ecosystems
meet the recommendations.

The Zn is essential for DNA synthesis and for the development, enhancement and
maintenance of the immune system, in addition to being an important enzymatic cofactor
for more than 300 metalloenzymes. It participates in the catalytic activity of enzymes
involved in the metabolism of carbohydrates, lipids and proteins [10,45,54]. The highest
value of Zn (116.44 mg/kg) was found in the liver of buffaloes from the Marajó ecosystem,
this may have occurred due to the high amount of this mineral in the forage of this
ecosystem (37.07 mg/kg). Contrary to what was detected in the work in question, mean
values of Zn (27.05 mg/kg ± 13.12) were found in buffalo liver tissue, also on the Marajó,
with lower values and were thus considered deficient [45]. Daily recommendations for zinc
for human consumption is 7 mg.

The Fe is one of the components of hemoglobin in red blood cells and is essential
for transporting oxygen to the body. Although their requirements are small, it is very
important to consume food sources, remembering particularly as that women need, on
average, twice as much iron in the diet as men [55]. The highest Fe value (1381.29 mg/kg)
was found in the liver of buffaloes from the Marajó ecosystem in the RS period (Table 2),
this can be explained by the high Fe content in the food consumed by the animals in the RS
period (1750.79 mg/kg) in this ecosystem, as shown in Table 1, maximizing the amount of
this mineral in the buffalo liver. In addition, the more intense the activity developed by
the animal, the greater the need for proteins present in Fe, such as myoglobin [56,57]. The
daily recommendation for Fe intake for humans is 14 mg.

Among the minerals, the Mn is important for the production of some enzymes, partici-
pates in the formation of bones and tendons and has an antioxidant action [13]. Mn values
were higher in the liver of buffaloes raised on Marajó, both in the dry period (15.86 mg/kg)
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and in the rainy period (14.86 mg/kg) of the year. An explanation for this fact must be this
is due to the higher content of this mineral in the forage of animals raised on the Marajó,
mainly in the dry period (401.92 mg/kg), thus causing the accumulation of this mineral
in the liver. Even so, these values meet the daily consumption of Mn by adult humans
(2.3 mg) [10].

The highest Ba value was observed in the liver of buffaloes reared in the rainy season
in cultivated pasture (6.32 mg/kg), and the lowest value (1.42 mg/kg) was detected in
the liver of buffaloes reared in the intensive ecosystem. This can be explained by the high
levels of Ba in the forage (2.76 mg/kg) and brewery waste (18.29 mg/kg) consumed by the
buffaloes during the time studied in both periods of the year.

Cr and Ni showed values lower than 2.0 mg/kg in dry matter (DM) in the liver tissue
of buffaloes from the different Amazonian ecosystems studied. As and Li presented values
lower than 1.5 mk/kg. The same applied to Pb, Co, Sn and V. This is due to the fact that
because in the Brazilian territory, the pastures are seasonal and, as a consequence therefore,
there are low forage offers in the dry period of the year, as well as reduced amounts of
nutrients. On the other hand, the high volume of water in the rainy season can affect the
mineral content in the soil, mainly sandy soils, causing leaching of nutrients due to heavy
rains, which consequently make the forage in the pastures have a low content of minerals
available for incorporation [58–60].

Research work with 104 buffaloes located on the Marajó, state of Pará, it was observed
that 48.08% of these animals had average hepatic levels of cobalt of 0.36 mg/kg ± 0.33 mg/kg,
considered normal in regarding the values for cattle; however, 51.92% of the animals
presented values below 0.003 mg/kg, which were considered deficient [45]. In the same
research work, mean levels of zinc of 27.05 mg/kg ± 13.12 were verified in the liver of
buffaloes, which demonstrates that they had zinc deficiency in the liver [45].

5. Conclusions

The different ecosystems of native and cultivated pastures, in the dry and rainy period
of the year and one in an intensive ecosystem in the Eastern Amazon, influenced the levels
of minerals present in the liver tissue of buffaloes. In general, the liver of buffaloes raised
in the ecosystem of Marajó has a higher mineral content and is therefore more nutritious.
Even so, the levels of minerals found in the liver of buffaloes raised in other ecosystems
meet the daily consumption recommendations for human nutrition.
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