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Quality of fresh and aged meat from lambs fed peanut meal and
glycerin'

Qualidade das carnes fresca e maturada de cordeiros alimentados
com farelo de amendoim e glicerina
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Romanzini*; Nomaiaci de Andrade’; Thiago Henrique Borghi’; Nivea Maria
Brancacci Lopes Zeola®; Mikaele Alexandre Pereira’; Luis Gabriel Alves Cirne®

Abstract

Were evaluated the microbiological and physicochemical characteristics of fresh and aged
semimembranosus muscle from 40 uncastrated male Ile de France lambs with 17.15 + 1.56 kg of initial
body weight. Treatments involved fresh and meat aged for 14 days at 4 °C from lambs receiving four diets,
as follows: control; PM - diet with 20% peanut meal replacing soybean meal; G - diet with 25% glycerin
replacing corn; and PMG - diet with 10% peanut meal and 12.5% glycerin. The forage:concentrate
ratio was 40:60, and corn silage was used as roughage. The diets had similar values of crude protein
and metabolizable energy (17.47% and 2.72 Mcal kg/dry matter). A completely randomized design was
adopted in a 4x2 factorial arrangement (four diets x fresh and aged meat). Diets and aging did not favor
the development of microorganisms in the meat. There was an interaction effect between diets and aging
for pH, color, cooking weight loss (CL), and shear force (SF). The fresh meat from animals fed G was
lighter compared with the meat from those consuming PM and PMG (lightness of 38.45, 36.26 and
37.88 respectively). Aging increased lightness (37.63 to 40.87), red intensity (15.12 to 15.93), yellow
intensity (2.48 to 3.42) and CL (23.84 to 32.59%), reduced pH (5.66 to 5.45), water holding capacity
(61.85 to 58.87%) and SF (22.60 to 16.95 N). By-products from biodiesel and peanut production can
be used to replace corn and soybean meal in diets for lambs without compromising their meat quality.
Key words: Aged meat. Biodiesel. By-products. Meat quality. Sheep.
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Resumo

Foram avaliadas as caracteristicas microbiologicas e fisico-quimicas de musculos semimembranosos
frescos e maturados provenientes de 40 cordeiros Ile de France machos néo castrados, com 17,15 kg de
peso corporal inicial + de 1,56 kg. Os tratamentos envolveram carnes de cordeiros frescas e maturadas
por 14 dias a 4° C e alimentados com quatro dietas: C — dieta controle; FA — dieta com 20% de farelo de
amendoim em substitui¢do ao farelo de soja; G — dieta com 25% de glicerina em substitui¢do ao milho
e FAG: dieta com 10% de farelo de amendoim e 12,5% de glicerina. A relagdo volumoso:concentrado
foi de 40:60 e silagem de milho utilizada como volumoso. As dietas possuiam valores semelhantes de
proteina bruta e energia metabolizavel (17,47 % e 2,72 Mcal kg de matéria seca). Adotou-se delineamento
inteiramente casualizado em esquema fatorial 4 x 2 (quatro dietas e carne fresca e maturada). As dietas
¢ a maturagdo nao favoreceram o desenvolvimento de microrganismos na carne. Houve interagao entre
dietas e maturagao para pH, cor, perda de peso na cocgdo (PPC) e forga de cisalhamento (FC). A carne
fresca dos animais alimentados com a dieta G foi mais clara em relagdo a carne daqueles alimentados
com as dietas FA e FAG (luminosidade de 38,45, 36,21 e 37,88 respectivamente). A maturagao elevou
a luminosidade (37,63 para 40,87), intensidade de vermelho (15,12 para 15,93), intensidade de amarelo
(2,48 para 3,42) e PPC (23,84 para 32,59%). Reduziu o pH (5,66 para 5,45), CRA (61,85 para 58,87%)
e FC (22,60 para 16,95 N). Os coprodutos do biodiesel e do amendoim podem ser utilizados em
substituicdo ao milho e ao farelo de soja na dieta de cordeiros, sem comprometer de forma negativa a

qualidade da carne.

Palavras-chave: Biodiesel. Carne maturada. Coprodutos. Ovino. Qualidade da carne.

Introduction

Because of the high costs of feeding lambs
finished in feedlot producers
alternative food sources to minimize expenditures,

systems, seek
especially potential substitutes to soybean meal and
corn, which are high-priced ingredients and the
major constituents of concentrates.

By-products have stood out as a food alternative
for ruminants. In this regard, as a protein source,
the peanut meal (ALETOR; OJELABI, 2007;
EZEQUIEL et al., 2011) is a possible substitute to
the traditional soybean meal (SILVA et al., 2016),
while glycerin is a potential substitute to corn due to
the energy properties (FAVARO et al., 2016).

The use of these by-products can be inserted
in the meat production chain as cheaper sources
of energy and protein and as an environmental-
friendly destination of the waste generated by the
agricultural and biodiesel industries, which have
grown annually because of governmental incentives
to produce this fuel. The peanut meal is a by-product
derived from oil extraction, whereas glycerin
originates from biodiesel production, accounting

for 10% of all biodiesel produced (DASARI et al.,
2005; JOHNSON; TACONI, 2007).

The consumption of refrigerated vacuum-
packed meat is a growing trend in the national
scenario, particularly valued meats such as lamb.
The permanence of meat in vacuum packages at
temperatures higher than the freezing point favors
the aging process, which can result in an increase in
tenderness and flavor (BAWCOM et al., 1995). The
aging process provides organoleptic benefits to the
meat, although studies characterizing pathogenic
microorganisms present in this product during
storage are still limited.

Research addressing feed substitutes for
ruminants usually focuses on traditional ingredients
such as corn and soybean, and reports of the
simultaneous replacement of these ingredients are
rare. Therefore, the present study was carried out
to evaluate the microbiological stability and quality
of fresh and aged meat from Ile de France lambs
fed peanut meal and glycerin in an exclusive and

simultaneous substitution of soybean meal and corn.
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Materials and Methods

The study complied with the ethical principles
of animal experimentation adopted by the National
Council for the Control of Animal Experimentation
(CONCEA) and was approved by the Committee
of Ethics in Animal Use (CEUA) of the Faculty
of Agricultural and Veterinary Sciences (FCAV)
of the Sao Paulo State University (Unesp) (no.
022014/13).

The experiment was carried out in Jaboticabal -
SP,Brazil (21°15°22” Sand 48°18’58” W; 595 masl),
involving 40 uncastrated male Ile de France lambs
with 17.15 + 1.56 kg initial body weight. While
they were breastfed, the lambs were kept in a semi-
extensive system with Tifton 85 grass (Cynodon
spp.), with ad libitum concentrate supply (15.35%
crude protein and 2.85 Mcal metabolizable energy
kg ! [dry matter (DM) basis]) in creep feeders.
After approximately 60 days of age, the lambs were
identified, dewormed, vaccinated against clostridial

diseases, and supplemented with iron and vitamins
A, D, and E, so were then housed in individual pens
measuring approximately 1 m?, with slatted and
suspended floor, equipped with individual feeders
and drinkers and installed in a covered shed.

Lambs were randomly distributed into
experimental groups according to the following
diets: control, containing a standard concentrate; PM
- concentrate with 20% peanut meal; G - concentrate
with 25% glycerin; and PMG - concentrate with
10% peanut meal and 12.5% glycerin (percentages
of inclusion on a DM basis) (Table 1). The diets
contained similar protein (17.47%) and energy
(2.72 Mcal metabolizable energy kg ~! [DM basis])
contents, calculated to meet the requirements as
recommended by the NRC (2007) for weaned
lambs, to provide an average weight gain of 300 g
day!. A 40:60 forage:concentrate ratio was used,
with corn silage as the roughage.

Table 1. Centesimal composition of ingredients and chemical composition of experimental diets.

Experimental diet

Composition
C PM G PMG
Ingredient (%DM)
Corn silage 40.00 40.00 40.00 40.00
Crude glycerin 0.00 0.00 25.00 12.50
Peanut meal 0.00 20.00 0.00 10.00
Soybean meal 21.00 0.00 32.35 16.00
Ground corn 36.25 37.00 0.00 18.66
Dicalcium phosphate 1.45 1.90 1.50 1.70
Calcitic limestone 0.30 0.10 0.15 0.14
Mineral-vitamin supplement! 1.00 1.00 1.00 1.00
Chemical composition
Dry matter? 65.41 66.21 65.37 65.79
Organic matter 93.58 93.86 92.29 93.07
Crude protein® 17.37 17.78 17.26 17.46
Ether extract? 4.02 3.94 1.77 2.86
Mineral matter? 6.42 6.14 7.71 6.93
Neutral detergent fiber? 26.39 30.20 21.37 25.79
continue
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continuation
Acid detergent fiber® 14.87 16.53 13.05 14.78
Total carbohydrates® 72.19 72.14 73.26 72.75
Metabolizable energy (Mcal kg' DM)* 2.80 2.74 2.64 2.68

DM - dry matter; ME - metabolizable energy; DE - digestible energy.

C - roughage + standard concentrate; PM - roughage + concentrate with 20% peanut meal; G - roughage + concentrate with 25%
glycerin; PMG - roughage + concentrate with 10% peanut meal and 12.5% glycerin, (inclusion percentages on a dry-matter basis).
"Provides per kg: calcium - 120 g; chlorine - 90 g; sodium - 62 g; magnesium - 54 g; phosphorus - 50 g; sulfur - 34 g; zinc - 1,600
mg; manganese - 1,500 mg; iron - 1,064 mg, fluorine (max) - 730 mg; copper - 50 mg; iodine - 25 mg; selenium - 20 mg; cobalt - 10
mg; vitamin A - 100,000 IU; vitamin D3 - 40,000 IU; vitamin E - 600 IU.

*Values expressed in %.
3% DM.
“ME = 0.82 x DE (SNIFFEN et al., 1992).

To determine the chemical composition of the
diets, samples were dried in a forced-air oven at 55
°C for 72 h. After drying, samples were ground in
a knife mill (Wiley, AH Thomas, Philadelphia, PA,
USA), with a | mm sieve and analyzed to determine
the dry matter (AOAC, 1995), mineral matter (MM)
and ether extract (EE) (AOAC, 1990) contents. The
neutral (NDF) and acid (ADF) detergent fiber levels
were determined according to the method described
by Van Soest et al. (1991), using the ANKOM 2000
fiber analyzer (ANKOM Technologies, Macedon,
NY, USA) and adding heat-stable alpha-amylase in
the NDF.

The organic matter content was obtained
by difference (100 — mineral matter), and the
metabolizable energy (ME) was calculated from
the digestible energy (DE), as established by the
NRC (2007), according to the following equation:
ME = DE x 0.82. To obtain the DE, the gross
energy (GE) was determined by the combustion
of samples in adiabatic bomb calorimeter (PARR
Instruments). The obtained values were inserted
into the following equation: DE = GE — (GE x
20%). Total carbohydrates (TC) were calculated
by the following equation: TC = 100 — (% crude
protein + % EE + % mineral matter). Glycerin
(83.9% glycerol; 12.1% water; 3.79% mineral salts;
and 0.28% ether extract), provided by the Cargil
Agricola S. A. company (Trés Lagoas, MS, Brazil),
was weighed and mixed with the concentrate at the

moment of feeding. The peanut meal, provided by
the Sementes Esperanca company (Jaboticabal, SP,
Brazil), was previously mixed with the concentrate.
The diets were provided to the animals at 07.00 h
and 17.00 h, to allow a minimum of 10% of leftovers
from the previous day.

Once the animals reached 32 + 0.662 kg, they
were deprived of solid feeds for 16 hours before
humane slaughter. After the animals were stunned
by a TEC 10PC concussion pistol, the jugular veins
and carotid arteries were sectioned for bleeding,
followed by evisceration and removal of the head
and extremities of the limbs. Carcasses were
kept in a cold room at 6 °C for 24 h, hung by the
gastrocnemius tendons on appropriate hooks, with a
17 cm distance between extremities.

the
carcasses were sectioned lengthwise and the

Twenty-four hours after slaughter,
semimembranosus muscles were removed from
the half-carcasses. The muscles from the left half
of the carcasses were subjected to microbiological
analyses (total and thermotolerant coliforms,
coagulase-positive Staphylococcus, and Salmonella
spp.) and physicochemical analyses (pH, color,
water-holding capacity [WHC], cooking weight
loss [CL], and shear force [SF]). The muscles from
the right side were vacuum-packed and aged in a
B.O.D. (Biochemical Oxygen Demand) incubator

for 14 days at 4 °C; thereafter, they underwent
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the same analyses performed on the left side of
semimembranosus muscles.

Microbiological were performed
according to Ordinance no. 12 of the Ministry of
Agriculture, Livestock and Food Supply, published

on September 17 2001.

analyses

For the count of total coliforms, thermotolerant
coliforms, and coagulase-positive Staphylococcus,
25 g of each sample fresh and aged were aseptically
weighted, ground, and diluted in 225 mL 0.1%
peptone water. The obtained aliquot corresponded
to a 10 ! dilution, from which dilutions up to 10 -3
were obtained.

Coliforms were identified by the multiple-tube
method, in triplicate, using 10 2 and 10 ~* decimal
dilutions. The presumptive test was carried out in
Durham tubes containing lactose broth that were
inverted and incubated at 37 °C for 48 h. The
confirmatory test was performed in EC (Escherichia
coli) broth and brilliant green broth and incubated at
45.5 °C for 48 h and 37 °C for 48 h, respectively.
The 10 2 and 10 - dilutions were streaked onto
Baird Parker agar and incubated at 37 °C for 48 h
to identify Staphylococcus spp. Typical colonies
were Gram-stained and subjected to catalase and
coagulase tests.

To identify Salmonella spp., 25 g of each sample
were aseptically weighted, ground and diluted in
225 mL lactose broth and incubated at 37 °C for 18
h. Subsequently, 10 mL from the tubes presenting
microbial growth were transferred to 100 mL
Kauffman tetrathionate and selenite cystine broths,
respectively, and incubated for 24 h at 37 °C. After
this, the bacterial cultures were streaked onto
selective and indicator media, represented by EMB
agar, SS agar, and Hektoen enteric agar (all from
Difco company), and incubated at 37 °C for 18 h.

The pH was measured using a Testo 205 digital
pH meter coupled to a penetration electrode at 45
min and 24 h after slaughter. The muscle color
was evaluated 30 min after being sectioned for

the exposure of myoglobin to oxygen, according
to the method of Cafieque and Sanudo (2000),
using a Minolta CR-400 colorimeter to determine
the following coordinates: L* (lightness), a* (red
intensity), and b* (yellow intensity), evaluated by
the CIE L* a* b* color system (CIE, 2004). pH and
color were evaluated in three different points of the
muscle to calculate the average.

To evaluate the WHC, the protocol described by
Hamm (1986) was used, according to which meat
samples of 500 + 20 mg were placed on filter paper
with the fibers in the transverse direction and a 10
kg weight was placed upon them for five minutes.
Thereafter, the samples were weighed and the
retained water was calculated by subtraction from
the initial sample weight. Results were expressed
as a percentage of the retained water relative to the
initial weight of the sample.

The CL was calculated after weighing and
cooking the samples in a 1100 W George Foreman®
electric grill pre-heated for 10 min. Samples were
roasted for approximately 10 min and monitored
using a stick digital thermometer until they reached
an internal temperature of 71 °C in their geometric
center. Afterwards, samples were removed from the
grill and, after reaching room temperature, weighed
again to calculate CL.

Subsequently, 1.27 cm diameter cylinders were
removed from the samples using a punch parallel
to the direction of muscle fibers (WHEELER et
al., 2005), to determine the shear force (SF), using
a texture analyzer (Brookfield, CT3 10K) coupled
to a Warner-Bratzler blade of 1.016 mm thickness.
Values were expressed in N (kgf x 9.80665).

The obtained data were checked for data analysis
assumptions (normality of residues and homogeneity
of variances) using the PROC UNIVARIATE
procedure. The data were analyzed by the PROC
MIXED procedure at the 5% significance level
(P<0.05), and Tukey’s test was used to differentiate
the means at a significance level of 5% (P<0.05). All
procedures were performed using the SAS statistical
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program (Statistical Analysis System, version 9.0),
following the mathematical model specified below:

Y, =u+D,+DA +(DxDA), +e

i ijk?

in which Y = observed value of the variable that
represents days of aging i, diet j, and replicate k; pu =
overall mean; DJ. = diet j, ranging from 1 to 4 (forage
+ concentrate; forage + concentrate + 20% peanut
meal; forage + concentrate + 25% glycerin; and
forage + concentrate + 10% peanut meal + 12.5%
crude glycerin); DA, = days of aging i, from 1 to 2
(0 and 14 days of aging of the semimembranosus
muscle); (D x DA),
days of aging i and diet j; and €y = random error

interaction effect between

associated with each observation.

Results

The observed DM intake (P>0.05) was 0.69,
0.68, 0.70, and 0.72 g per day, while fat thickness
(P>0.05) was 2.52, 2.14, 2.91, and 2.30 mm, for the
treatments studied respectively.

Diets and aging did not influence the counts
of total coliforms (TC), thermotolerant coliforms
(FC), or coagulase-positive Staphylococcus (SC).
Salmonella spp. was not detected (Table 2). An
interaction was observed (P<0.05) between diet
and aging for pH, color, CL, and SF. This was not
observed (P>0.05) for WHC (Table 3).

Table 2. Microbiological quality of fresh and aged semimembranosus muscle of Ile de France lambs fed peanut meal

and glycerin.

Variable

Experimental diet

Days of aging

C PM G PMG
TC (MPN/g) 0 <3.00 <3.00 <3.00 <3.00
14 <3.00 <3.00 <3.00 <3.00
FC (MPN/g) 0 <3.00 <3.00 <3.00 <3.00
14 <3.00 <3.00 <3.00 <3.00
SC (cfu/g) 0 < 1.0x10? <1.0x10? < 1.0x10? < 1.0x10?
14 <1.0x10? <1.0x10? <1.0x102 <1.0x10?
Salmonella spp 0 Absencein25g  Absencein25g  Absencein25g  Absencein25g
14 Absencein25g  Absencein25g  Absencein25g  Absencein25g

C - roughage + standard concentrate; PM - roughage + concentrate with 20% peanut meal; G - roughage + concentrate with 25%
glycerin; PMG - roughage + concentrate with 10% peanut meal and 12.5% glycerin, (inclusion percentages on a dry-matter basis).
TC - total coliforms MPN - most probable number; FC - fecal or thermotolerant coliforms; SC - coagulase-positive staphylococcus;

cfu - colony forming units.
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Table 3. Physical and chemical characteristics of fresh and aged semimembranosus muscle, of Ile de France lambs

fed peanut meal and glycerin.

. Experimental diet Days of aging P-value
Variable SEM
C PM G PMG 14 D A DxA

pH 5.57 5.56 5.55 5.55 5.66 5.45 0.018  0.5314 <0.0001 0.0389
L* 39.48 3843 4021 3845 37.63 40.87 0.350  0.0019 <0.0001 0.0376
a* 15.72 1582 1532 1531 15.12 15.93 0.134  0.0628 <0.0001 0.0004
b* 3.09 3.26 2.70 2.70 2.48 3.42 0.120  0.0088 <0.0001 0.0008
WHC (%) 60.77  60.00 60.18 60.50 61.85 58.87 0.285  0.3059 <0.0001 0.1681
CL (%) 2846 27.50 2791 30.17 23.84 32.59 0.770  0.0500 <0.0001 0.0154
SF (N) 18.54 20.10 20.70 19.78 22.60 16.95 0.532  0.0069 <0.0001 0.0111

Means in the same row followed by different lowercase letters differ by Tukey’s test (P<0.05) for the diet effect. Means in the same
column followed by different uppercase letters differ by Tukey’s test (P<0.05) for the effect of aging time.

C - roughage + standard concentrate; PM - roughage + concentrate with 20% peanut meal; G - roughage + concentrate with 25%
glycerin; PMG - roughage + concentrate with 10% peanut meal and 12.5% glycerin, (inclusion percentages on a dry-matter basis).
D - diet; A - aging; SEM - standard error of the mean; L*- lightness; a*- red intensity; b*- yellow intensity;

WHC - water holding capacity; CL - cooking weight loss; SF - shear force.

The decomposition of the interactions (Table
4) revealed that aging influenced (P<0.05) the pH
of all meats. There was no influence of by-product
inclusion (P>0.05) on the fresh meat pH values,
while for aged meat, the pH of the meat of the
animals fed with the G diet was higher than those
fed with PMG, the other treatments were similar.

In the decomposition of the interactions it was
observed that aging promoted increase (P<0.05) in

the luminosity of the meat of the animals fed diets
C, PM and G. In the fresh meat it was observed that
the originated from the treatments with peanut meal
(PM and PMGQG) were darker, that is to say with a
lower value of L * in relation to the meat originated
from the treatment G. In the aged meat the value of
L* was higher in G compared to PMG, the other
treatments were similar.

Table 4. pH and color ( L*, a* and b*) of fresh and aged semimembranosus muscle of Ile de France lambs fed peanut
meal and glycerin and decomposition of the interactions between diet and aging.

Experimental diet

Days of aging

SEM P-value Diet

C PM PMG

0 5.68A 5.67A 5.62A 5.67A 0.011 0.309

14 5.46abB 5.44abB 5.48aB 5.42bB 0.007 0.022
P-value Aging <0.0001 <0.0001 0.0014 <0.0001 - -

0 38.08abB 36.26bB 38.45aB 37.88b 0.306 0.040

14 40.88abA 40.60abA 42 .54aA 39.40b 0.323 0.008
P-value Aging 0.0022 <0.0001 0.0025 0.2506 - -

continue

Semina: Ciéncias Agrdrias, Londrina, v. 40, n. 4, p. 1619-1630, jul./ago. 2019

1625



Valenga, R. L. et al.

continuation
a*
0 14.95B 15.09B 15.67 14.73 15.123 0.116
14 16.49aA 16.55aA 15.04b 15.67ab 15.935 0.001
P-value Aging 0.0021 <0.0001 0.2345 0.0758 - -
b*
0 2.61B 2.34B 2.70 2.21B 0.08 0.092
14 3.58abA 4.17aA 2.69bc 3.08bA 0.17 0.003
P-value Aging 0.0072 <0.0001 0.9762 0.0496 - -

Means in the same row followed by different lowercase letters differ by Tukey’s test (P<0.05) for the diet effect. Means in the same
column followed by different uppercase letters differ by Tukey’s test (P<0.05) for the effect of aging time.

C - roughage + standard concentrate; PM - roughage + concentrate with 20% peanut meal; G - roughage + concentrate with 25%
glycerin; PMG - roughage + concentrate with 10% peanut meal and 12.5% glycerin, (inclusion percentages on a dry-matter basis).

A - aging; SEM - standard error of the mean; L*- lightness; a*- red intensity; b*- yellow intensity.

The diets only influenced the a* values in the aged
meat, the meats from animals fed diet G presenting
the lowest values in relation to C and PM, PMG was
similar to the others. Red intensity was higher in aged
compared with fresh meat, but only for the meats from
animals fed C diets and PM. The color coordinate b*
was influenced by diet in aged meats, and the highest
value was observed for meat from animals fed diet PM,
which in turn was similar to C. The values of b* were
higher (P<0.05) for aged meats, with the exception of
meats originating from animals fed the G diet.

After aging, WHC declined from 61.85 to
58.87% (P<0.05), but there was no interaction effect
(P>0.05) between diet and aging for this variable.
CL was higher in the aged meat (P<0.05). In the
decomposition of the interactions (Table 5), there
was no difference in SF for fresh meat (P>0.05),
while an influence of diet was observed on the aged
meats (P<0.05); the meat from animals fed control
diet was the tenderest. Aging promoted a reduction
(P<0.05) in SF.

Table 5. Cooking weight loss and shear force of fresh and aged semimembranosus muscle of Ile de France lambs fed
peanut meal and glycerin and decomposition of the interactions between diet and aging.

) Experimental diet P-value
Days of aging C oM G T SEM Diet
CL (%)
0 24.84B 23.01B 23.85B 23.38B 0.278 0.060
14 32.08bA 32.00bcA 32.98abA 33.56aA 0.218 0.016
P-value Aging <0.0001 <0.0001 <0.0001 0.0003 - -
SF (N)
0 22.03A 21.82A 23.95A 22.61A 0.359 0.226
14 15.05¢B 18.38aB 17.44abB 16.95bB 0.342 <0.0001
P-value Aging 0.0003 <0.0001 0.0007 0.0053 - -

Means in the same row followed by different lowercase letters differ by Tukey’s test (P<0.05) for the diet effect. Means in the same
column followed by different uppercase letters differ by Tukey’s test (P<0.05) for the effect of aging time.

C - roughage + standard concentrate; PM - roughage + concentrate with 20% peanut meal; G - roughage + concentrate with 25%
glycerin; PMG - roughage + concentrate with 10% peanut meal and 12.5% glycerin, (inclusion percentages on a dry-matter basis).
A - aging; SEM - standard error of the mean; CL - cooking weight loss; SF - shear force; .N — Newton,
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Discussion

The Brazilian legislation (BRASIL, 2001),
establishes the values of 10* most probable
number/g (MPN g') for FC and 3x10° colony
forming units g (cfu g') for SC as acceptable
microbiological standards for the consumption of
vacuum-packed fresh meat. For vacuum-packaged
aged meats, however, the microbiological standards
are 5x10° (MPN g") for FC and 3x10° (cfu g") for
SC. For TC, there is no minimum requirement, and
Salmonella spp. should be absent.

The obtained results showed that the analyzed
meat meets the microbiological requirements for
consumption, demonstrating that health standards
for food handling were respected, since the
microorganism count is used as an indicator of meat
hygienic quality and may also provide information
about the shelf life. According to Marques et al.
(2006), meat products may pose significant risks
to public health when Salmonella spp. is present,
as these bacteria are common causes of foodborne
diseases.

The pH values of the meats observed in this
study are close to normal for sheep meat according
to Silva Sobrinho et al. (2005), who reported 5.5 to
5.8 as normal values for the final pH. The lowest pH
was observed in aged meats.

As stated by Constantino et al. (2012), when
the pH is low, the myofibrillar proteins are at their
isoelectric point, which means that they have a
similar amount of positive and negative charges and
cannot bind to the water, thus moving to the surface
and reflecting the light. This results in higher
lightness values, as observed in the present study.
Lage et al. (2014) did not observe differences in the
pH value of the longissimus muscle of lambs fed
diets containing up to 32% glycerol, with pH values
ranging from 6.0 to 6.1.

The increase in lightness after aging can be
explained by the decrease in WHC and the increase
in CL, because some of these parameters may be

associated with the integrity of the membranes and
the higher loss of liquid to extracelluar environment,
considering that proteolysis begins 24 h after death
(KOOHMARALIE, 2002). According to Safiudo et
al. (2000), for sheep meat, variations from 30.03 to
49 .47 for L*, 8.24 to 23.53 for a*, and 3.38 to 11.10
for b* are reported, while the values obtained in this
study were 36.26 to 42.54 for L* and 14.73 to 16.55
for a*, considered within the normal range. For the
b* variable (2.21 to 4.17), the lowest observed value
was slightly lower than those considered normal.

Longer aging periods accelerate the meat
blooming process, considering that, over time,
oxygen becomes more available for transformation
into oxymyoglobin, due to the reduction of enzymes
competing for oxygen (OLIETE et al., 2000).
According to those authors, the increase in b* during
aging is a result of oxidation of the oxymyoglobin
pigment to methemoglobin, the brown pigment.

Civit et al. (2014) studied the effect of aging on
the quality of meat from Corriedale cull ewes and
observed an increase in L* (30.6 to 32.8), a* (14.7
to 17.2), and b* (6.3 to 7.8) values from one to 14
days of aging, respectively. Pinheiro et al. (2009)
reported L*, a*, and b* values of 40.10, 14.10, and
2.61, respectively, in the semimembranosus muscle
of lambs.

Despite being slightly above the others, the L*
values of meat from animals fed diet G are within
the normal limits for sheep meat, ranging from
30.03 to 49.47 according to Safiudo et al. (2000).
The decrease in WHC after aging can be caused
by the proteolysis occurring during this process,
since protein degradation changes the interfibrillar
spaces, triggering changes in the structures of
muscle tissues and reducing the holding water
capacity of the meat. According to Lawrie (2005),
pH values below 5.0-5.5 result in higher WHC, as
this pH range characterizes the isoelectric point of
many muscle proteins, including myofibrils.

Silva Sobrinho et al. (2005) also observed that
fresh semimembranosus muscle had higher WHC
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(73.10%) than those aged for 14 days (62.9%). This
qualitative characteristic influences the sensory
attributes and commercial value of the meat and
also its nutritional quality, since the released exudate
carries vitamins, minerals, amino acids, and other
nutrients (SILVA SOBRINHO, 2001).

The decline in CL with aging can also be
explained by the disruption of cell membranes
during proteolysis. With similar results to those of
this study, Fernandes et al. (2012) observed a linear
increase in CL during the storage of the longissimus
muscle of sheep, which rose from 18.24% on the
first day to 28.25% at the 28th day of aging. The
authors stated that this increase in CL was probably
due to the proteolytic activity caused by the
endopeptidases of the meat itself and by enzymes
produced by microorganisms.

The influence of the diets on the SF values of
aged meat was an unexpected pattern because,
(2001), tenderness
attributes are closely related to WHC, pH, fatness,

according to Pardi et al

and characteristics of connective tissue and muscle
fiber.

In this study, the pH and WHC of the meat from
animals fed control diet did not differ from the other
treatments, and the type of fiber analyzed was the
same for all animals. According to the literature,
the by-products used in this study do not promote
changes in the SF of sheep and beef meat (LAGE
et al., 2014; CARVALHO et al., 2015; BEZERRA
et al., 2016; BORGHI et al., 2016), reinforcing the
unexpected pattern of SF in this work.

The SF values observed for fresh meat allow
them to be classified as tender or of medium
tenderness, whereas for the aged meat, all values
for this variable denoted it as tender. According
to Cezar and Sousa (2007), sheep meat can be
classified as tender when presenting a SF lower than
22.26 N; of medium tenderness with SF from 22.26
to 35.60 N; tough when SF is higher than 35.60 N;
and extremely tough when SF values are higher
than 53.35 N.

During the aging process, the meat tenderness
increases as aresult ofthe action of calpains, enzymes
that act by degrading the myofibrillar proteins in
internal points of the molecules (ANDRIGHETTO
et al., 2000).

Conclusions

The by-products from biodiesel and peanut
production can fully and simultaneously replace
corn and soybean meal without interfering with the
developmentofmicroorganismsinmeatornegatively
affecting its physicochemical characteristics. Aging
does not promote the proliferation of pathogenic
microorganisms but rather improves the tenderness
of lamb meat.
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