FREE THEMED ARTICLES

DOI: hitp://dx.doi.org/10.12957/demetra.2015.14293

Nutritional and qualitative values of bovine beef
(Longuissimus thoracis) from organic and conventional

production systems

Ana Paula Costa Rodrigues Ferraz!
Jessica Moraes Malheiros?

Renata Maria Galvdo de Campos Cintra®
Luis Artur Loyola Chardulo®

! Universidade Estadual Paulista “Jilio de
Mesquita Filho”, Departamento de Quimica e
Bioguimica, Instituto de Biociéncias, Curso de
Nutrido. Botucatu-SP, Brasil.

2 Universidade Estadual Paulista “Jdlio de
Mesquita Filho”, Departamento de Zootecnia,
Faculdade de Ciéncias Agrdrias e Veterindrias,
Programa de Pés-Graduagdo em Genética
Melhoramento Animal. Botucatu-SP, Brasil.

¥ Universidade Estadual Paulista “Jilio de
Mesquita Filho”, Departamento de Educaciio,
Instituto de Biociéncias. Botucatu-SP, Brasil.

* Universidade Estadual Paulista “Jilio de
Mesquita Filho”, Departamento de Nutrigo e
Melhoramento Animal, Faculdade de Medicina
Veterindria e Zootecnia. Botucatu-SP, Brasil.

Corrrespondence
Jessica Moraes Malheiros
E-mail: jessicamalheiros@yahoo.com.br

Abstract

This study aimed to evaluate the effects of livestock production
in organic and conventional management system in relation
to the meat quality of Nellore male cattle (Bos indicus). Eight
animals raised organically and 15 animals produced under
conventional system finished in feedlot for 90 days were used.
After slaughter, the carcasses were cooled within 24 to 48 hours,
and two samples of the Longissimus thoracis were collected with
approximately 2.54 ¢cm thick between the 12" to 13" ribs of the
left half of each animal. Chemical characteristics were evaluated,
such as total lipids (TL) and myofibrillar fragmentation index
(MFTI). Additionally, characteristics such as shear force (SF), rib
eye area (REA), marbling index (MI), backfat thickness (BFT),
centesimal composition, total losses (LT) and instrumental
coloring were evaluated. The organic samples showed best results
for instrumental color, the most important item considered at
the time of purchase. The average shear force was lower for
organic meat and is positively related with tenderness. Significant
differences between the two groups can also be observed in the
total lipid analysis, fat thickness and moisture content, which
showed higher values than in the animals finished in feedlot.

Key words: Backfat Thickness. Softness. Meat Quality. Moisture
of the Meat.
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Introduction

Healthy eating has attracted growing interest of consumers regarding the consumption of
organic foods, which are considered beneficial, nutritious products and less dangerous to health,
in view of the massive commercialization of industrial foods and less appreciation of traditional
foods in the Brazilians’ diet.!

In Brazil, there has been a significant and constant increase of organic products, with a growth
of 40% in sales in 2010 compared to 2009, totaling R$ 350 million. Thus, there is a large foreign
market potential to be conquered, mainly due to the relationship of organic farming with the
essence of agroecology and food safety."”

In the segment of organic livestock, prevention of diseases has been phased out, and the use
of allopathic medications (including antibiotics) has decreased. Animals are fed with foods from
animal sources, maintaining the health and well-being of the animals, as shown by the slaughtering
of 13,800 head/year of organic cattle from 18 certified farmers. In addition, there has been efforts
by the population to preserve the environment and increase productivity and profitability. *

The main negative factor influencing the organic market is price, often higher when compared
to the conventional product, and considered one of the key obstacles to the development of the
organic management system in Brazil.® The aspects commonly observed by consumers when
purchasing beef are color, visible fats, price and cuts.®

Estimates show that beef production in Brazil will grow significantly, from 29% from 2013 to
2023, increasing its global market share by 20%. Approximately 27 million head were slaughtered
in 2013 compared to the 24 million head in 2012. Considering these parameters, Brazil occupies
an outstanding position in beef production.”®

Nellore cattle and their crosses comprise the Brazilian herd, and a raising system that enhances
meat tenderness is vital, which is considered the main organoleptic characteristic of meat quality
in the consumer’s market.” An adequate fat cover and good marbling are also key meat quality

components, with direct impact on the meat tenderness and palatability."*!!

In this context, the goal of this work was to examine the direct influences of the diverse
production systems regarding the chemical composition of the meat and quality of the Longissimus
thoracis muscle of Nellore cattle, aiming to the consumers market and meat technology associated
with food safety.
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Material and Methods
Animals and sample collection

A total of 23 Nellore animals (Bos indicus) were used, 15 of them that were raised in feedlots in
three different certified farms related to groups of Animal Breeding in the region of Palmeiras de
Goids-GO, Campo Grande-MS and Bataguassu-MS, and eight animals raised under commercial
organic management in the southeastern region, having the certification stamp as required by
law. After slaughter in a commercial slaughterhouse in 2013, two samples/steaks with one inch
thick (2.54 c¢cm) each were cut from the left half of the animal, between the 12" and 13" ribs,
properly vacuum packed and immediately taken to the freezer for further laboratory analyses in
the Laboratory of Meat Science of the Department of Animal Breeding and Nutrition (FMVZ-
UNESP), in Botucatu-SP.

Shear force (SF) and total losses

To determine the shear force, it was used the mechanical equipment SALTER Warner-Bratzler
Shear Force, with a capacity of 25 kg and shearing speed of 20 cm/minute. Test was carried out
using the standardized procedure proposed by Wheeler et al.,”* according to which the samples
should be cooked to an inner temperature of 712C. Shearing consisted of half-inch cylinders cut
lengthwise to the muscle fibers. To ensure better accuracy of results, eight measurements per
sample were made and expressed in kilograms (Kg).

During the samples cooking for analysis of the shear force, the necessary data for calculation
of total losses (evaporation and dripping) were collected.

Instrumental color of meat

Measurement of the samples meat color was made by a KONICA MINOLTA - CR 400
colorimeter (Minolta Co. Ltd.), following the method described ty Renerre,” through which the
equipment was calibrated to the standard color in the CIE I* a* b* and adopted the absolute
measurements of brightness coordinates (L¥), red color (¢*) and yellow color (b¥).
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Rib-eye area (REA), thickness of subcutaneous fat (TSF) and marbling ratio (MR)

To determine the rib-eye area (REA), it was used the quadrants method of points expressed in
cm?" as well as the thickness of subcutaneous fat (TSF), measured with a caliper and expressed
in millimeters (mm). For analysis of the MR, it was used a visual grading scale adapted by the
Meat Certification Laboratory to the marbling patterns usually found in the national cattle herd.

Centesimal composition

Gross chemical composition was determined according to the techniques indicated by the
Association of Analytical Communities (AOAC)." To determine the moisture content, 10g of each
sample were kept in oven at a temperature of 1052C for at least 12 hours and cooled in a desiccator
for at least two hours. The dry matter obtained from each sample was incinerated in a muffle at
a temperature of 550-600°C for determination of the ash content.

Total lipids (TL)

Counting of total lipids followed the method described by Bligh & Dyer,'® using 3 g of raw
ground meat, 10 ml of chloroform, 20 ml of methanol and 8 ml of distilled water. After the samples
homogenization, they were placed on a horizontal shaking table for 30 minutes.

Subsequently, 10 ml of chloroform and 10 ml of aqueous solution of 1.5% sodium sulfate were
added, centrifuged at 1,000Xg, the supernatant was discarded, and the remaining solution was
filtered in filter paper. Five milliliters of the filtrated were measured and transferred to a 50ml
beaker previously weighed, maintained in oven at 1102C until total evaporation of the solvent;
then is was cooled in desiccator (O/N) and weighed.

Myofibrillar fragmentation index (MFI)

The myofibrillar fragmentation index (MFI) was determined according to the method described
by Culler et al.” and adapted by the Laboratory of Meat Science of the Department of Animal
Breeding and Nutrition (FMVZ-UNESP) in Botucatu-SP.

Three grams of homogenized muscle was used in Ultra-turrax at 18,000 rpm in 30 ml of buffer
(TMFI) at 2°C, and the samples were centrifuged at 1,000Xg for 15 minutes at 2°C, and the
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supernatant was discarded. This procedure was replicated twice. The pellet was then re-suspended
in 15 ml of TMFI at 22C and filtered. Determination of myofibrillar proteins was made by means
of the biuret method. "* For determination of MFI, the samples were prepared with TMFTI for a
total final volume of 8 ml and 0.5 mg/ml of protein concentration, and then absorbance was read
on a spectrophotometer at 540nm wavelength.

Experimental design and statistical analysis

Average values of eight shear force (SF) measurements were analyzed according to the simple
variance analysis model, including only the treatment effect and error. The same model was used
for all measurements made just once in the samples (MR, total loss, REA, and TSF). Analyses of
other variables, which were measured repeatedly in each sample (MFI, color, TL, moisture and
centesimal composition), were carried out following a split-plot design model, where each animal
is a plot and the measurements taken over time the plot subdivisions. The model of analysis for
these characteristics was as follows:

V,=u+T +a+M+I +e,

where:

Y = observed characteristic value (MFI, color, TL, centesimal and moisture) of the animal
sample j, belonging to treatment 1, in time k.

u = overall average;
T, = Effect of experiment i (i=1,2);
a = Effect of animal j (j=1,..12); within treatment i;

Mk = Effect of time k where the measurement was made (k=1,2 or k=1,...5, depending on
the variable examined);

I = effect of the interaction between the time of measurement and treatment.
e, = random error associated with each particular observation.

The averages were compared by the Tukey’s test. The analyses for the simple model were
made using PROC GLM and the other analyses using PROC MIXED, both of the SAS system."
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Results and Discussion

According to Figueiredo & Soares,* it was found that in the Mid-West, North and Northeast
regions of the country, sales of organic foods are insignificant, representing only 6% of the
marketing channels, which can be associated with the need to obtain samples from the southeast.
The commercial origin of the organic samples in this work became more feasible because of the
insufficient number of certified organic farms or slaughterhouses, a requirement highly valued
by consumers.*

Besides meat certification, color is the main sensory aspect that consumers observe when buying
meat. The beef color can be classified, according to Abularach et al.,”! as: light colored meats
(L*>38.51), with average redness (low a*<14.83; high a*> 29.27) and high yellowness (b*>8.28).
Thus, we can see from Table 1 that the organic samples had higher brightness, higher redness
and yellowness, compared to the conventional products.

Table 1. Descriptive statistical values of instrumental color (L*, a* and b*) measured in Nel-

lore animals (Bos indicus), raised in different farming systems Botucatu-SP, 2013.

Variables Conventional Organic
Brightness (L*) 31.8 + 2.93° 41.3 + 0.76"
Red (a*) 12.3 + 2.34° 21.4 £ 1.97°
Yellos (b¥) 5.4 * 1.57* 10.6 = 0.41°

*b Means followed by different lowercase letters in the same row are significantly different (p<0.05) by the Tukey’s test.

The redness (a*) observed in the present study for the samples of organically-raised animals
was higher on average than that of the animals raised in the conventional system. This fact can be
justified by the differences found in the different management and production systems. Safiudo
et al.* report that beef cattle raised on pasture can have a higher amount of myoglobin and
higher number of red fibers in the muscle due to the activities and physical effort required by the
animals to be fed. However, according to Felicio,” high myoglobin concentration is related to late
slaughtering of the animals, which have longer maturity.
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The meat color can be associated with the physical condition of meat, especially the surface
pH and other factors such as hydration and status of muscle proteins. High yellowness in beef fat
is often classified by consumers as older animals, but animals finished on pasture, as in our study,
usually present high yellow contents, which may be associated with high amounts of p-carotene,
which is beneficial to human health.*

Concerning the objective analyses for beef tenderness, the results of the shear force tests were
different for the organic and conventional meats (Table 2). The organic animals showed average SF
lower than the conventional animals. According to Oliveira,” acceptable SF values for tenderness
are those falling below 4.5kg. According to Koohmaraie,* meats with SF lower than 5.5kg can
be considered tender after cooking; and average SF values below 3.5kg can indicate the capacity
of all individuals to produce meat with SF below 5.5kg?" - that is, cattle herds with 100% tender
meat, as found in the present study.

Table 2. Means of physical analyses of the Longissimus thoracis muscle (12"-13" ribs) of Nel-

lore animals raised in conventional and organic systems. Botucatu-SP, 2013.

Variables Conventional Organic
REA (cm?) 66 * 5.64° 84 = 141°
TSF (mm) 4.6 = 1.54° 6 + 0.10°
MR 26=*0.3 2.2 = 0.07
SF (kg) 54 + 1.12¢ 2.2 = 0.15"
TL (%) 24.2 + 3.96 26.0 = 1.01

REA = rib-eye area; TSF = thickness of subcutaneous fat; MR = marbling ratio, SF = shear force; TL = total loss.

2> Means followed by different lowercase letters in the same row are significantly different (p<0.05) by the Tukey’s test.
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Various studies report that Nellore cattle beef has higher SF values, compared to crossbred
individuals raised in feedlots***’ as well as on forage-based feeding.*” The higher SF values found in
Nellore beef can be partially explained by the higher activity/concentration of calpastatin, protein
that regulates the enzymatic activity of calpains, leading to decreased myofibrillar proteolysis with
consequent reduction of the meat tenderness.*

In the assessment of the parameters observed for the animal development, the value found for
the rib-eye area (REA) was higher in organically-raised animals than in the conventional system.
This characteristic is examined in the Longissimus thoracis muscle and has a good relationship
with the amount of muscles present in the carcasses. Thus, it contributes to estimating meat cuts
yields, showing a high correlation with the amount of edible tissue."-***

The discrepancy of the REA values found in the diverse groups can be explained by the animal
development conditions, because there are changes in the carcass composition in relation to the
amount of muscle, fat and bones. Such deposition may be influenced by genetic and environmental
factors. The nervous and bone tissues have an earlier maturing, while the muscular development
is intermediate and the fat tissue usually develops later. Distribution of the adipose tissue has a
direct importance in the carcass quality, protecting the muscle from cold shortening, characterized
by the drastic reduction of muscle sarcomeres before rigor mortis.*

According to Alves & Mancio," the impact of feed on the meat tenderness is primarily associated
with the degree of finishing (backfat thickness) and intramuscular fat content in carcass. Well-
finished animal carcasses, with adequate fat cover and good marbling, usually have tender meat
when tested in laboratory or in tasting panels.

Working with 24-to-30-month-old Nellore animals, Hadlich et al.” observed few individual
variations in the carcass characteristics and meat quality. The authors attributed the similarity of
the assessed characteristics to the finishing system of animals confined in feedlots, which tends
to standardize carcasses and their respective beef products.

In the present study, a significant difference was found between the groups assessed for
TSF, in which the conventional individuals showed adequate finishing, probably due to the
feedlot system used, thus presenting less deposition of subcutaneous fat. The adipose tissue has
caused disapprovals because it has been accounted for the emergence of cardiovascular diseases,
arteriosclerosis, cholesterol, among others.

Dewerey; 2015; 10(1); 61-75



Nutritional and qualitative values of bovine beef (Longissimus thoracis) from organic and conventional production systems

On the other hand, according to Aferri et al.,* and Prado et al.,* animals raised in feedlots
or with alternative diets do not present a significant relation with the characteristics of carcass,
rib-eye area and backfat thickness, among other characteristics that are examined at the time of
meat analysis, showing that forage may be an effective and nutritious feeding source.”

To modern consumers, taste and nutritional value are two key attributes of meat quality. The
tendency is to focus on the production of lean meat, with a minimum excess of visible fat; on the
other hand, subcutaneous and intramuscular fat contributes to the meat quality.***

The values indicated in Table 3 for total lipids also favor the organic meat, showing a possible
positive correlation between the lipid contents and tenderness of organic beef, once the amount
of fat is associated with the meat quality."! On the other hand, studies on pasture-raised cattle, the
animals are often slaughtered with lower weights, producing carcasses with lower percentages of
lipids and, consequently, delivering harder meats.*

Table 3. Means of chemical analyses of the Longissimus thoracis muscle of Nellore animals

raised in the conventional and organic systems. Botucatu-SP, 2013.

Variables Conventional Organic
TL (%) 0.57 + 0.24* 1.5 £ 0.79
MFI 46.7 = 18.01* 21.3 = 1.87"
Moisture (%) 77.3 = 7112 98.6 = 0.21°
Ash 1.1 £1.23 1.3 = 0.17

TL = total lipids; MFI = myofibrillar fragmentation index.

*b Means followed by different lowercase letters in the same row are significantly different (p<0.05) by the Tukey’s test.
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The increased amount of lipids in the Longissimus thoracis muscle of Nellore animals indicated
a greater deposition of marbling fat;* however, these animals present little lipid synthesis in
the muscle tissue and, consequently, a lower percentage of total lipids in the meat.?” Despite the
significant difference of TL between the different groups, both presented a low deposition of
intramuscular fat, as usually found in Bos indicus animals.

The average marbling ratio was classified as low and in disagreement with the TL values,
which can be explained by the fact that marbling results from subjective evaluations of the meat;
therefore one can rely on the TL analysis because of its objectivity.

The importance of postmortem proteolysis was also cited by authors who reported the existence
of a strong connection between meat tenderness and the myofibrillar fragmentation index."” In
this regard, the values found for MFI were higher in the feedlot-raised animals compared to
the organic ones (Table 3), contradicting the SF values found. These are inversely proportional
measures, where lower SF is directly related to higher myofibrillar proteolysis. The findings of
this study indicate that there are significant numerical variations between the animals of both
experimental treatments.

There were no significant differences between the total ash contents in the groups studied,
but there was a small difference in moisture contents. The animals raised in the organic system
showed higher moisture ratios compared to the feedlot animals, which can be associated with
beef juiciness.

In a study conducted by Abularach et al.,* moisture and lipids values were reported to be
75.65% and 1.71%, respectively, for 24-month old Nellore calves, values that differ from those
found in this study and may be related with the animal age at the slaughtering time. Silva et al.*’
found values for the Longissimus dorsi muscle of Eurozebu heifers ranging from 74.3 to 75.2%, and
Vaz et al.*' obtained higher moisture values in the meat of whole animals compared to castrated
Charolés x Nelore animals (71.9 versus 70.8%). Rodrigues et al.* and Hautrive et al.** found
moisture values nearly 73.5%. And the total loss values were similar to those found by Felicio et
al.,** of 25.18%, for Nellore calves meat. When meat is cooked, water loss affects the product yield,
with impact on its palatability and acceptability.***% Even though the meat cuts analyzed in this
study have presented satisfactory values and that research efforts on organic foods are constantly
carried out, it is noteworthy that factors such as soil, climate, genetics and post-harvest or post-
harvest periods have a direct impact on the foods composition,"” which emphasizes the chemical
differences found in this study.
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It is also noticeable the inconsistent tenderness of Nellore bovine meat when compared to other
races commonly raised in Brazil and other countries. Thus, improvements in animals breeding in
research centers of meat, as well as in the preservation technologies and sustainability of forage-
raising lands, are needed.”*

Bovine meat is an important food present in people’s diets because of its nutritional aspects
as well as for the agribusiness. It is one of the meat varieties largely consumed in the United
States, Brazil, Japan and China, with emphasis on Brazil, the second largest exporter in the
world. Therefore, possible relations between the meat quality and nutritional composition were
examined, based on data generated from physicochemical analyses of meat cuts, as well as their
possible relations with the meat nutritional composition and quality of different groups of animals
raised in different production systems.

Conclusions

Nellore (Bos indicus) animals show great capacity to produce beef, which was observed in the
group of conventional and organic animals through the values found for REA and deposition
of subcutaneous fat (TSF). However, in general, due to the lower lipid synthesis and high loss
values during cooking, they represent a less value-added product with respect to the meat quality.

Organic bovine meat showed significant differences, involving quality aspects in relation to the
bovine meat usually consumed by people. Thus, further studies on this kind of food and related
technologies involved in the production system and sustainability are of key importance in the
supply chain links and consumers market.
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