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Article

Abstract

The effects of replacing corn with cassava wastewater at 0; 25; 50; 75 and 100% in the sheep diet 
over chemical composition, fatty acid profile and physical-chemical parameters of meat were 
studied. Forty Santa Inês breed sheep were slaughtered after 70 days of confinement. The moisture 
content of meat increased, while the crude protein and ether extract decreased linearly with 
the replacement. There was a quadratic effect for shear force with minimum force estimated at 
2.78 kg / cm ² with 54.25% replacement. There was a quadratic effect for C15:0 and C:17, (0.37 
and 1.30 when the replacement was 46.25% and 68.50%, respectively), increasing linearly for the 
C18:0 and decreasing for the C22:0. For monounsaturated fatty acids there was a decreasing 
linear effect for C14:1 and C20:1 n9, and increasing to C18:1 n11. For C15:1 a quadratic effect 
was observed (1.48 when 26.75% of corn was replaced). As to the polyunsaturated fatty acids, 
there was a quadratic effect for C18:2 9c 11t (0.60 when replacement was 36.66%). There was 
a linear decrease for relations polyunsaturated: saturated and ω6: ω3, without effect on other 
relations. Cassava wastewater alters the shear force and chemical and lipid composition of 
meat.
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Introduction
It is a fact that, in Brazil, sheep meat is yet 

consumed in small quantities when compared 
to poultry, bovine and swine meats. Data from 
Anualpec (2011) highlight that the annual 
consumption per capita of sheep meat in the 
country lies around 0,7 kg, while 39 kg of bovine, 
44,5 kg of chicken and 13 kg of swine meats 
are consumed. Although the flock effectiveness 
partially explains part of this reduced 
consumption, it is known that the increase of the 
per capita consumption of sheep meat depends, 
doubtless, on the increase in the quality of the 
product made available for the consumer. 

The modern consumer demands a 

qualitatively standardized sheep meat, without fat 
excess and with elevated softness. In this manner, 
the knowledge of the quality parameters - such 
as chemical composition, color, water holding 
capacity, losses during cooking and softness – 
is indispensable to adequately produce and 
process the meat, aiming to obtain high quality 
and to proportionate a higher competitiveness 
among the other sources of animal origin.

Given the approach “meat x health”, 
the fatty acids profile has a prominent role, 
being largely responsible for the meat labeling 
as “harmful to health”. The fat of the adipose 
deposits of ruminant animals is rich in triglycerides, 
with the predominance of saturated fatty acids 
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and a low amount of polyunsaturated fatty acids, 
not framing in the recommended profile by the 
human nutritionists, who suggest an increment in 
the consumption of polyunsaturated fatty acids, 
especially those of the ω-6 and ω-3 classes. 
Thus, given the diet influence over the lipid 
composition of the meat (Wood et al., 2008), 
the researchers of animal science aim, through 
dietary manipulation, to reduce the relation 
saturated/polyunsaturated, to equilibrate the 
relation ω-6/ω-3 and to increase the levels of 
conjugated linoleic acid (CLA) in the lipid fraction 
of ruminant meat.  

Considering the feeding importance 
over the effect on production and in the general 
characteristics of sheep meat, it justifies the 
necessity of studies on the influence of feeding 
over meat quality in sheep, aiming to detect 
alternative feeding systems which are adaptable 
to the breeding conditions of the Brazilian 
northeast (Madruga et al., 2005).

It was aimed to evaluate the effect of 
the replacement of corn for cassava wastewater 
in the diet of Santa Inês sheep over chemical 
composition, fatty acids profile and physical-

chemical parameters (color, losses by cooking, 
shear force and water holding capacity) of the 
meat. 

Material and Methods
The meat samples analyzed in this study 

were originated from 40 non-emasculated sheep 
of the Santa Inês breed, kept in confinement 
for 70 days and utilized in development essay 
performed in the Zootechny Department of the 
Federal Rural University of Pernambuco (UFRPE), 
located in Recife – PE.

The experimental diets were isoproteic, 
being the standard diet formulated to answer 
the demands for maintaining the animals with 
24 kg and allowing average weight gain of 
200 g day-1. The chemical composition of the 
utilized ingredients is presented in Table 1. The 
diets consisted in levels of corn replacement for 
cassava wastewater in 0; 25; 50; 75 and 100% 
(Table 2). The utilized cassava wastewater, 
originated from the flour houses located in Glória 
do Goitá – PE, passed through a period of, at 
least, five days of rest so that it could be provided 
to the animals.

Table 1. Chemical composition of the utilized ingredients (g/kg MS)

Ingredient DM1 MM OM CP EE FDNcp NFC
Tifton hay 864.9 59.2 940.8 73.5 15.1 718.3 133.9
Cassava wastewater 67.2 24.7 975.3 10.3 3.0 1.7 960.3
Corn 911.3 14.3 985.7 85.6 42.3 135.2 722.6
Soybean flour 930.9 67.1 932.9 478.0 19.3 133.6 302.0
Wheat flour 921.6 49.9 950.1 166.3 38.5 371.4 373.9
Urea 990.0 2.0 998.0 2,800.0 - - -

DM = dry matter; OM = organic matter; CP = crude protein; EE = ether extract; MM = mineral matter; FDNcp = fiber in neutral 
detergent corrected for ash and protein;  NFC = non-fibrous carbohydrates. 1g/kg.

Elapsed 70 experimental days, plus the 
adaptation period, the animals were subjected 
to hydric diet and solids fasting for 16 hours. 
At the slaughter moment, the animals were 
numbed through brain concussion, followed by 
exsanguinations through section of the carotid 
artery and jugular vein.  

At the end of the skinning and 
evisceration, the head (sectioned at the 
atlanto-occipital joint) and the feet (sectioned 
at the metacarpal and metatarsal joints) were 
removed and the hot carcass weight (HCW) 
was registered. The obtained carcasses were 
cooled for 24 hours at  ± 4ºC in refrigerating 
chamber, hanged by the common calcaneal 

tendon through hooks, with the metatarsal joints 
distanced in 14 cm. After 24 hours of refrigeration, 
the carcasses were longitudinally sectioned and 
the half-carcasses were weighed, being the 
left carcasses divided into six anatomic regions, 
according to the methodology described by 
Cezar & Sousa (2007), originating the commercial 
meat cuts, namely: neck, shoulder, leg, loin 
and hindquarter. The loins and left legs of each 
animal were identified, packed in vacuum in 
high density polyethylene bags and frozen at -18 
ºC to later performing of the laboratory tests. 

The determinations of the losses by 
cooking and shear force were performed on the 
left loins (Longissimus lumborum) of each animal, 
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according to methodology described by Wheeler 
et al. (1995). The losses by cooking were obtained 
by weight difference of the samples before and 
after cooking, and expressed in percentage. 

The shear force was measured with the Warner-
Bratzler Shear Force (G-R MANUFACTURING CO., 
Model 3000) equipment, with load cell of 25 kgf, 
operating in a speed of 20 cm/min. 

The color of the Longissimus lumborum 
muscle was measure after standardization of the 
cuts in a minimal thickness of 15 mm, followed 
by air exposure for 30 minutes in refrigerated 
environment (±4 ºC), according to methodology 
described by Ramos & Gomide (2009). The 
reading were performed with the aid of a 
colorimeter (KONICA MINOLTA, model CR-400), 
operating in the CIELAB system (L*,a*,b*), being 
L* the luminosity, variable from black (0%) to 
white (100%); a* the red color intensity, variable 
from green(-a) to yellow (+a); and b* the yellow 
color intensity, variable from blue (-b) to yellow 
(+b). Three measures were performed in different 
spots of the muscle, utilizing the average values 
for color representation. 

The water holding capacity (WHC %) 
was determined according to methodology 
described by Santos-Silva et al. (2002) and 
calculated through the following formula: WHC 
(%) = (P2 – P1)/S x 100, in which “S” represents the 
sample weight;  “P1” represents the initial weight 
of the filter paper; and “P2” the final weight of 
the filter paper. 

The chemical composition was performed 
from an aliquot of the Semimembranosus muscle, 
which was crushed and homogenized in blender 
and freeze-dried for later determinations of 
humidity, crude protein, ether extract and ash, 
according to methodology described by Silva & 
Queiroz (2002).

The fat extraction for determination of the 
fatty acids profile in the Semimembranosus muscle 
was performed according to methodology 
by Folch et al. (1957) and the methylation 
according to the methodology described by 
Hartman & Lago (1973). The identification and 
quantification of the fatty acids ethers were 
performed in gas chromatograph (VARIAN 
430-GC, California, USA), coupled with flame 
ionization detector (FID), fused silica capillary 
column (CP WAX 52 CB, VARIAN) with dimensions 
of 60m x 0,25mm and 0,25μm of film thickness. 
Helium was utilized as drag gas (flow rate of 1 mL/
min). The initial temperature of the oven was 100 
°C, programmed to reach 240 °C, increasing 2,5 
°C per minute, lasting for 20 minutes. The injector 
and detector temperatures were kept in 250 °C 

Table 2. Percentage and bromatological composition of the experimental diets 

Ingredients (g/kg)
Replacement levels (%)

0 25 50 75 100
Tifton hay 500,00 500,00 500,00 500,00 500,00
Cassava wastewater 0,00 58,50 116,70 174,90 233,10
Corn 240,00 180,00 120,00 60,00 0,00
Soybean flour 147,00 147,00 147,00 147,00 147,00
Wheat flour 100,00 100,00 100,00 100,00 100,00
Urea 0,00 1,50 3,30 5,10 6,90
Common salt 3,00 3,00 3,00 3,00 3,00
Mineral salt 10,00 10,00 10,00 10,00 10,00

Bromatological composition
DM¹ 892,1 518,9 366,4 283,2 230,8
OM² 939,2 938,7 938,1 937,5 936,9
CP² 144,2 143,8 144,4 144,9 145,4
EE² 24,4 22,0 19,7 17,3 14,9
MM² 60,8 61,3 61,9 62,5 63,1
FDNcp² 448,4 440,3 432,3 424,3 416,3
FAD² 240,1 237,7 235,3 232,9 230,5
CHOT² 770,6 772,9 774,0 775,3 776,6
NFC² 322,2 335,3 347,6 360,2 372,7
TDN ²* 654,6 645,0 602,8 652,1 588,9

¹ g/kg of natural matter; ² g/kg of dry matter; *TDN (Total digestible nutrients) determined in digestibility essay; DM = dry matter; OM = organic matter; CP = crude 
protein; EE = ether extract; MM = mineral matter; FDNcp = fiber in neutral detergent corrected for ash and protein; FAD = fiber in acid detergent; TOCH = total 
carbohydrates; NFC = non-fibrous carbohydrates.
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Table 3. Chemical composition of the meat in Santa Inês breed sheep fed with cassava wastewater in replacement 
to corn. 

Item (g/100g)
Replacement levels (%)

CV (%)
Regression 
equation

r² P
0 25 50 75 100

Humidity 75,56 75,65 75,70 76,06 76,86 1,04 1 0,79 **
Ash 1,46 1,63 1,35 1,33 1,38 19,34 Ŷ = 1,43 - >0,05
CP 20,36 20,35 20,31 19,73 19,68 3,56 2 0,80 *
EE 2,30 2,24 1,96 2,13 1,46 25,75 3 0,70 **

*= P<0,05; **= P<0,01; CV = coefficient of variation; r² = coefficient of determination; CP = crude protein; EE = ether extract; (1) Ŷ = 75,3010 + 0,0121M; (2) Ŷ = 20,5370 – 0,0079M; 
(3) Ŷ = 2,3356 – 0,0071M; M = % of cassava wastewater in replacement to corn.

and 260 °C, respectively. The chromatograms 
were registered in the Galaxie Chromatography 
Data System software type. The fatty acids were 
identified through retention times comparison of 
the methyl esters of the samples with standards 
Supelco ME19-Kit (Fatty Acid Methyl Esters C6-
C22). The fatty acid results were quantified 
through area normalization of the methyl esters 
and expressed in area percentage. 

The variable analysis were conducted 
adopting a completely random design, 
according with the model Yij = µ + Ti + β(Xij – X) + eij

in which Yij = observed value of the dependent 
variable; µ = general average; Ti = treatment 

effect i (i = 1 to 5); β(Xij – X) = co-variable effect 
(initial body weight); eij = experimental error. 
The data were tabulated and later subjected 
to statistical analysis, utilizing the PROC MIXED 
proceeding of the statistical package SAS 
(Statistical Analysis System, version 9.1).

Results and Discussion
The replacement of corn for cassava 

wastewater caused a crescent linear effect in 
the meat humidity content and a decreasing 
effect in the contents of crude protein and 
ether extract, not being verified influence of the 
replacement over ash content (Table 3).

Bonagurio et al. (2004) cited that, 
generally, the increase in the fatty content 
decrease the humidity and protein contents, while 
the ash content suffer little variation. Considering 
that the inverse is also valid, the increase in the 
humidity content would be explainable by the 
reduction verified for the meat ether extract; 
however, according with the authors premise, 
it was expectable that the protein content 
linearly increased, a not verified fact in this study. 
Furthermore, Bressan et al. (2001) cited that meat 
humidity is inversely proportional to the weight at 
slaughter, what could also explain the increase in 
the humidity content of the meat given the lowest 
performances and weights at slaughter verified 
by Santos Filho et al. (2015) for animals which 
consumed higher levels of cassava wastewater 
in replacement to corn, in a work associated to 
the current research. 

As to the chemical composition of the 
meat, Jardim et al. (2007) affirm that the reduction 
in the protein content relates to the slowdown 
of muscle growth, occurring a lower increase in 
protein. Although this slowdown normally occurs 
when maturity is reached, it is possible that, in this 
study, it might have been consequence of the 

lower protein ingestion. Santos Filho et al. (2015) 
verified an expressive reduction in the protein 
consumption in the animals which consumed 
cassava wastewater in replacement to corn, 
especially when the replacement was superior 
to 50%, what might have led to a lower tissue 
deposition of the protein and, consequently, to 
a reduction in the protein content of the meat. 

The meat ether extract corresponds to the 
lipids deposited within the cells and in their interior 
(Costa et al., 2012), being a good indicative of 
the intramuscular fat percentage of the carcass. 
Thus, the low values obtained are coherent with 
the characteristics of the animals of the Santa Inês 
breed, which normally do not produce carcasses 
with elevated fat contents, being reported in the 
literature values in the order of 2,5% for the lipid 
content of the meat of animals belonging to this 
genetic group (Costa et al., 2012). However, the 
linear decrease caused by the replacement 
reaffirms the nutrition importance over the 
chemical composition of sheep meat (Bonagurio 
et al., 2004), being probably explained by the 
reduction in the nutrient consumption, especially 
of energy, reported by Santos Filho et al. (2015), 
when they reaffirmed the nutrient consumption 
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Table 4. Physical parameters of the meat in Santa Inês breed sheep fed with cassava wastewater in replacement 
to corn 

Item
Replacement levels (%)

CV (%) Regression 
equation r² P

0 25 50 75 100
WRC (%) 26,55 32,78 28,97 28,92 29,14 21,64 Ŷ = 29,27 - >0,05
LBC (%) 27,47 23,05 26,89 25,82 28,48 22,10 Ŷ = 26,34 - >0,05
SF (kg/cm²) 3,45 3,02 2,98 3,17 3,69 16,91 1 0,88 **
L* 42,27 42,54 44,59 44,50 43,98 6,16 Ŷ = 43,57 - >0,05
a* 15,96 15,90 16,75 16,05 15,65 10,54 Ŷ = 16,06 - >0,05
b* 7,87 7,94 8,28 8,32 7,97 11,08 Ŷ = 8,08 - >0,05

**= P<0,01; CV = coefficient of variation; r² = determination coefficient; WRC = water retention capacity; LBC = losses by cooking; SF = shear force; (1) Ŷ = 0,0002M² - 0,0217M 
+ 3,3675; M = % of cassava wastewater in replacement to corn.

of these experimental animals. Costa et al. (2012) 
also verified a decrease in the lipid content of 
the meat in Santa Inês breed sheep when the 

consumption of metabolizable energy by the 
animals decreased. 

Concerning the physical parameters of 
meat, only the shear force was influenced by 
the replacement, for which a quadratic effect 
was verified, with minimal shear force estimated 
in 2,78 kg/cm² when the cassava wastewater 
replaced corn in 54,25% (Table 4).

High fat levels protect cell integrity 
during the cooling and freezing, and decrease 
the water losses during cooking, being possible 
to infer that these variables are positively 
correlated. In this study, despite the reduction 
verified for the fat contents and the addition in 
humidity – which tends to increase the water 
losses – there was no variation for the losses by 
cooking. For sheep of the Santa Inês breed, 
Costa et al. (2012) cited losses in the order of 
28,4%, whilst Vieira et al. (2010) reported 23,5%, in 
average, for weight losses caused by cooking, so 
that the values obtained in this essay are inside 
the interval reported in the consulted literature. 
It is important to highlight that the losses during 
cooking constitute an important quality measure, 
once that they are associated to meat yield in 
the act of consumption (Silva et al. 2008).

There was no effect of the replacement 
over the water retention capacity (WRC) 
parameter, which translates the meat capacity 
in retain water in the presence of external forces 
and which, in the moment of chewing, refers 
to a higher or lower succulence (Osório et al., 
2009). Satisfactory WRC values imply in adequate 
values of losses by cooking, once that beefs with 
little capacity in retaining water present a quick 
juice outlet during cooking (Osório et al., 2009), 
with possible losses in the order of 50%. Thus, 

according to the results obtained for the losses 
by cooking, it might be inferred that the verified 
values for WRC might be considered satisfactory, 
characterizing the meat as little exudative.

The main factor related to meat softness, 
instrumentally measured through maximum shear 
force, is the age of the animal; for being directly 
proportional to the state of collagen reticulation 
and to its number of crossed links, such as 
muscular fibers (Osório et al., 2009). Considering 
the homogeneity of the experimental animals 
as to the age, no variation in shear force was 
expected. However, in spite of the quadratic 
effect, the verified values allow to classify the 
meat as soft, since that all were inferior to 5 kg/
cm², limit advocated by Bianchini et al. (2007).  

As to the meat color, despite the linear 
increase in the humidity content, no effect was 
verified over L*, which tends to be higher as the 
highest is the water content in the meat. The 
value of b*, which is influenced by the fat color 
due to the presence of beta-carotene (Pinheiro 
et al., 2009), also did not vary, although the 
fat content has considerably decreased. The 
absence of effect over the values of L*, a* e b*, 
which indicate the meat color, corroborates 
with Osório et al. (2009), Who affirmed that in the 
ruminants the food type little influences in the 
meat color, due to the transformation that the 
nutrients undergo in the rumen.  

In the analysis of the lipid fraction of the 
meat, 27 different fatty acids were identified, 
from which 12 are saturated (Table 5), nine are 
monounsaturated (Table 6) and six are poly-
unsaturated (Table 7). Within the indentified 
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Table 5. Profile of saturated fatty acids (% area) in the Semimembranosus muscle of Santa Inês sheep breed fed 
with cassava wastewater in replacement to corn.

Saturated 
fatty acids

Replacement levels (%)
CV(%)

Regression 
equation

r² P
0 25 50 75 100

C10:0 0,09 0,11 0,10 0,10 0,18 94,05 Ŷ= 0,12 - >0,05
C12:0 0,12 0,12 0,07 0,09 0,16 93,23 Ŷ= 0,11 - >0,05
C14:0 1,90 2,02 1,68 1,85 1,66 17,76 Ŷ= 1,82 - >0,05
C15:0 0,31 0,32 0,35 0,37 0,21 29,46 1 0,74 *
C16:0 22,38 23,08 21,75 23,13 21,67 5,02 Ŷ= 22,40 - >0,05
C17:0 0,90 0,95 1,15 1,26 0,76 30,81 2 0,63 *
C18:0 15,41 15,04 15,87 16,15 16,82 7,92 3 0,82 *
C19:0 0,21 0,21 0,27 0,19 0,23 48,21 Ŷ= 0,22 - >0,05
C20:0 0,39 0,34 0,40 0,38 0,39 37,45 Ŷ= 0,38 - >0,05
C22:0 0,14 0,02 0,02 0,02 0,00 184,12 4 0,63 *
C23:0 2,33 1,81 2,65 2,17 3,27 30,94 Ŷ= 2,45 - >0,05
C24:0 0,26 0,25 0,23 0,19 0,19 76,96 Ŷ= 0,23 - >0,05
Total SFA 44,48 44,30 44,56 45,94 45,55 3,61 Ŷ= 44,97 - >0,05

*=P<0,05; CV = coefficient of variation; r²= determination coefficient; SFA= saturated fatty acids; (1) Ŷ= -0,00004M2 + 0,0037M + 0,2879; (2) Ŷ= -0,0001M2 + 0,0137M + 0,8288; (3) 
Ŷ= 15,072 + 0,0157M; (4) Ŷ= 0,1008 – 0,0011M; M = % of cassava wastewater in replacement to corn.

Table 6. Profile of mono-unsaturated fatty acids (% area) in the Semimembranosus muscle of Santa Inês breed 
sheep fed with cassava wastewater in replacement to corn

Monounsaturated fatty 
acids

Replacement levels (%)
CV(%) Regression 

equation r² P
0 25 50 75 100

C14:1 0,08 0,08 0,04 0,06 0,00 39,43 1 0,65 ***
C15:1 1,57 1,52 1,67 1,46 2,31 15,42 2 0,72 **
C16:1 1,85 1,80 1,89 1,89 1,83 13,13 Ŷ= 1,85 - >0,05
C17:1 0,64 0,66 0,81 0,83 0,54 33,14 Ŷ= 0,70 - >0,05
C18:1 n9 cis 42,69 43,51 42,31 42,49 40,80 3,94 Ŷ= 42,36 - >0,05
C18:1 n9 trans 0,18 0,12 0,13 0,12 0,89 175,22 Ŷ= 0,29 - >0,05
C18:1 n11 1,90 1,85 1,97 1,78 3,43 44,36 3 0,46 *
C20:1 n9 0,18 0,10 0,11 0,11 0,06 43,40 4 0,67 **
C22:1 n9 0,00 0,54 0,00 0,00 0,00 500,00 Ŷ= 0,11 - >0,05
Total MFA 49,09 50,17 48,92 48,73 49,87 4,55 Ŷ= 49,36 - >0,05

*=P<0,05, **=P<0,01, ***= P<0,001; CV = coefficient of variation; r² = coefficient of determination; MFA = monounsaturated fatty acids; (1) Ŷ= 0,0848 – 0,0007M; (2) Ŷ= 0,0002M2 - 
0,0107M + 1,6273; (3) Ŷ= 1,5848 +0,012M; (4) Ŷ= 0,16 – 0,0009M; M = % of cassava wastewater in replacement to corn.

Table 7. Profile of poly-unsaturated fatty acids (% area) in the Semimembranosus muscle of Santa Inês breed sheep 
fed with cassava wastewater in replacement to corn.

Poly-unsaturated fatty 
acids

Replacement levels (%)
CV(%) Regression 

equation r² P
0 25 50 75 100

C18:2 n6 cis 4,15 4,44 4,92 3,95 2,74 36,84 Ŷ= 4,04 - >0,05
C18:2 n6 trans 0,88 0,15 0,12 0,21 0,71 214,85 Ŷ= 0,41 - >0,05
C18:3 n3 0,16 0,14 0,38 0,30 0,46 123,65 Ŷ= 0,29 - >0,05
C18:2 9c 11t 0,39 0,36 0,51 0,32 0,19 26,09 1 0,74 **
C20:4 n3 0,47 0,11 0,12 0,11 0,07 191,67 Ŷ= 0,18 - >0,05
C22:6 n3 0,38 0,34 0,47 0,43 0,40 57,23 Ŷ= 0,40 - >0,05
Total PFA 6,43 5,53 6,50 5,32 4,58 26,36 Ŷ= 5,67 - >0,05

**=P<0,01; CV = coefficient of variation; r² = coefficient of determination; PFA = poly-unsaturated fatty acids; (1) Ŷ= 0,00006M2 + 0,0044M + 0,361; M = % of cassava wastewater 
in replacement to corn.

fatty acids,  the palmitic (C16:0), stearic (C18:0) 
and oleic (C18:1) acids corresponded to 
approximately 80% of the total, reaffirming the 
prevalence of these acids in the lipid profile 
of the sheep meat, as cited by Madruga et 
al. (2005), Costa et al. (2009) and Arruda et al. 

(2012), when they evaluated the sheep meat 
of the Santa Inês breed. Despite the variations 
occurred in the concentrations of some fatty 
acids, there was no effect of the replacement 
over the total of saturated, mono-unsaturated 
and poly-unsaturated fatty acids.

A quadratic effect was verified for the 
C15:0 (maximum estimated value of 0,37 when the 
replacement was 46,25%) and C17:0 (maximum 

estimated value of 1,30 when the replacement 
was 68,50%), increasing linear effect for the 
C18:0 and decreasing for the C22:0. Although it 
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Table 8. Averages of the relations within saturated, monounsaturated and poly-unsaturated fatty acids in the meat 
of Santa Inês breed sheep fed with cassava wastewater in replacement to corn. 

Relations
Replacement levels (%)

CV(%) Regression 
equation r² P

0 25 50 75 100
MFA : SFA 1,10 1,14 1,10 1,06 1,10 7,80 Ŷ= 1,10 - >0,05
PFA : SFA 0,14 0,12 0,15 0,12 0,10 25,53 1 0,64 *
DFA 70,93 70,94 71,29 70,21 71,28 2,47 Ŷ= 70,89 - >0,05
ω6: ω3 6,21 9,10 5,86 5,07 2,13 50,98 2 0,59 **
h : H 1,97 1,92 2,02 1,88 1,90 7,86 Ŷ= 1,94 - >0,05
(C18:0+C18:1)/C16:0 2,70 2,63 2,78 2,63 2,86 7,66 Ŷ= 2,72 - >0,05

*=P<0,05; **=P<0,01; CV = coefficient of variation; r² = coefficient of determination; MFA = monounsaturated fatty acids; SFA = saturated fatty acids; PFA= poly-unsaturated 
fatty acids; DFA = desirable fatty acids (MFA + PFA + C18:0); h:H = ratio between hypocholesteromic and hypercholesteromic fatty acids (C18:1cis9 + C18:2n6) / (C14:0 + 
C16:0); (1) Ŷ= 0,1459 – 0,0004M; (2) Ŷ= 8,1143 – 0,0488M; M = % of cassava wastewater in replacement to corn.

presents no Double links in its molecular structure, 
the C18:0 does not present hypercholesteromic 
effect (Bentes et al., 2009), being referenced 
as a desirable fatty acid, so that the increase 
in the concentration of this fatty acid does not 
turn the meat less healthy. The total of saturated 
fatty acids was similar to the values verified by 
Arruda et al. (2012), but inferior to those reported 
by Costa et al. (2009) and Madruga et al. (2005). 
It is worth adding that the human consumption 
of saturated fatty acids in a content superior to 
15% of the daily dietetic energy is related to the 
increase in the blood levels of cholesterol and 
decrease in the activity of the LDL-cholesterol 
receptors, leading to situations of coronary heart 
diseases (Rioux & Legrand, 2007).

For the monounsaturated fatty acids a 
linear decrease for the C14:1 and C20:1 n9 was 
verified and linear increase for the C18:1 n11. 
For the C15:1 a quadratic effect was observed, 
with maximum estimated value of 1,48, when of 
the replacement of 26,75% of corn for cassava 
wastewater. The total of monounsaturated fatty 
acids was superior to the sum saturated fatty 
acids, and to the sums of monounsaturated fatty 
acids reported by Costa et al. (2009) for sheep of 
the same breed. According to Sposito et al. (2007), 
when monounsaturated fatty acids replace the 
saturated fatty acids in the diet, the cholesterol 
levels might be reduced. Thus, although the 
variations have been little expressive, the results 
point the nutritional quality of the lipid fraction of 
the meat in these animals. 

Concerning poly-unsaturated fatty acids, 
quadratic effect was verified for the C18:2 9c 11t, 
with maximum estimated value of 0,60 when the 
replacement was of 36,66%. The poly-unsaturated 
fatty acids composed the lipid profile of the 
meat in small proportions, what is justified by the 

nature of the species. In ruminants, the processes 
of lipolysis and biohydrogenation which occur in 
the rumen level substantially modify the dietetic 
lipids, so that the poly-unsaturated fatty acids 
are present in small amounts in the fat of the 
adipose deposits in these animals; furthermore, 
it highlights that these are almost exclusively 
restricted to the phospholipid fraction (Wood 
et al., 2008). It is true that this picture might be 
modified by dietetic manipulation, however, 
more efficient results were reported when the 
animals were supplemented with lipid sources 
rich in poly9unsaturated fatty acids (Elmore et al., 
2005), what did not occur in this study, being the 
corn replaced by an ingredient whose content 
of ether extract was only 0,30% (Santos Filho et 
al., 2015).

Although greater modifications in the 
lipid profile of the meat are reported when of the 
lipid supplementation, it is known that the ruminal 
fermentation also has influence over the profile, 
once that the volatile fatty acids, especially 
the acetate, are important precursors for the 
lipid synthesis in ruminants. In this manner, it is 
possible that some variations which occurred in 
this study concerning the lipid profile of the meat 
are consequence of changes in the pattern 
of ruminal fermentation, and not of the lipid 
composition of cassava wastewater.  

The relations established within the fatty 
acids (Table 8) aimed to evaluate and to identify 
the risk factor of the nutrients concerning the 
plasmatic levels of cholesterol in humans (Arruda 
et al., 2012). A linear decrease was verified for 
the relations poly-unsaturated : saturated and ω6 
: ω3, behaviors which could be explained by the 
tendency for reduction for the C18:2 n6 cis and 
for the  total of PFA.
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The low values verified for the relation 
AGP : AGS are characteristic of the ruminant 
meat and corroborate with the results of Arruda 
et al. (2012), however, the values were inferior 
to the 0,45 considered appropriate for human 
consumption nutrients, according with the British 
Department of Health and Social Care (Fernandes 
et al., 2009), aiming to avoid diseases related to 
the consumption of saturated fats. Scollan et al. 
(2005) cited that the normal value of the relation 
AGP : AGS in the meat of ruminants varies from 
0,06 to 0,15 and affirm that, generally, dietetic 
manipulation does not turn this relation superior 
to these values due to ruminal biohydrogenation 
of the poly-unsaturated fatty acids. 

As to the relation ω6 : ω3, despite the 
decrease, is found to be nearer of the values 4:1 
– 6:1 recommended by Herdmann et al. (2010). It 
is worth noting that the fatty acids of the series ω3 
– precursors of the eicosapentaenoic (EPA) and 
the docosahexaenoic acids (DHA) – and ω6 – 
precursors of the prostaglandins and leukotriens – 
are involved in the prevention of cardiovascular 
diseases and hypertension (Urbano et al., 2014), 
being the consumption of these compounds 
highly recommended by nutritionists. Furthermore, 
the equilibrium maintaining between the ω6 and 
ω3 acids has a great importance, once that for 
the synthesis of its derivates, the ω3 and ω6 utilize 
the same enzymes, being the preference order 
of the substrates by the enzymes: omega-3 > 
omega-6 > omega-9 (Lima Júnior et al., 2011).

The relation (C18:0+C18:1)/C16:0, which 
describes the beneficial effects of the different 
lipid types must, according to  Maia et al. (2012), 
present values between 2 and 3 in sheep meat. 
In this study no influence of the replacement 
over this relation was verified, which presented 
an average value of 2,72, fitting, therefore, in the 
values referenced in the literature. 

The desirable fatty acids and the 
relation between hypocholesterolemic and 
hypercholesterolemic fatty acids did not vary 
according with the different levels of cassava 
wastewater in replacement to corn, and are in 
agreement with the values cited by Costa et al. 
(2009) and Arruda et al. (2012) for sheep of the 
same breed.

Conclusions
The replacement of corn for cassava 

wastewater in the diet of Santa Inês breed 
sheep has influence over the shear force and 
over the chemical and lipid compositions of 
the meat. However, the variations due to the 
replacement did not compromise the general 
quality of the meat, measured by the physical-
chemical parameters, suggesting that the 
recommendation of the replacement level must 
be oriented by other parameters, such as cost, 
availability and animal development. 
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