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ABSTRACT 
 
The objective was to evaluate the feeding behavior, physiological responses, and rumen 
heat emission of lambs fed with safflower grains. Eighteen lambs were randomly 
distributed in a completely randomized design. Safflower grain was added to the diets in 
the proportions of 0.0; 7.5 and 15%. The safflower grain did not change the patterns of 
eating, leisure, or rumination; however, it improved the efficiency of NDF ingestion, by 
26%. The head temperature decreased by 1.5 ° C to include 7.5% safflower; and the rectal 
temperature decreased quadratically with the addition of safflower (39.5 and. 39.08 ° C). 
There was a linear trend of decreasing head temperature as the inclusion of safflower 
increased. The temperature of the eyeball decreased by 1.1 ° C when 7.5% of safflower 
DM was added to the diet and increased by 0.6 ° C when a 15% safflower was added. The 
ruminal temperature increased linearly for the addition of safflower (1.8 ° C). Safflower 
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improves the efficiency of the use of NDF and the inclusion of 15% safflower can be used 
without effects on ingestive behavior. The head, eye, and left flank areas can be used; 
however, the left flank appears to be the best region for this type of study. Infrared 
thermography can be useful as a non-invasive assessment of lambs' diets.  
Keywords: ruminal heat emission, ruminal temperature, oilseeds, PUFA, animal 
behavior 
 
RESUMO 
 
Objetivou-se avaliar o comportamento alimentar, respostas fisiológicas e emissão de 
calor ruminal, de cordeiros alimentados com grãos de cártamo. Dezoito cordeiros foram 
distribuídos aleatoriamente em delineamento inteiramente casualisado. O grão de cártamo 
foi adicionado as dietas nas proporções de 0,0; 7,5 e 15%. O grão de cártamo não alterou 
os padrões de alimentação, ócio ou ruminação; porém melhorou a eficiência de ingestão 
da FDN, em 26%. A temperatura da cabeça reduziu 1,5°C para a inclusão de 7,5% de 
cártamo; e a temperatura retal diminuiu quadraticamente com a adição de cártamo (39,5 
vs. 39,08°C). Houve uma tendência linear de diminuição da temperatura da cabeça à 
medida que a inclusão de cártamo aumentou. A temperatura do globo ocular diminuiu 
1,1°C quando 7,5% de MS de cártamo foi adicionado na dieta e voltou a aumentar 0,6°C 
quando 15% de cártamo foi adicionado. A temperatura ruminal aumentou linearmente 
para a adição de cártamo (1,8°C). O cártamo melhora a eficiência de utilização da FDN 
e a inclusão de 15% de cártamo pode ser utilizado sem efeitos sobre o comportamento 
ingestivo. As áreas da cabeça, do olho e flanco esquerdo podem ser usadas, no entanto, o 
flanco esquerdo parece ser a melhor região para esse tipo de estudo. A termografia 
infravermelha pode ser útil como avaliação não invasiva de dietas em cordeiros.  
Palavras chaves: emissão de calor ruminal, temperatura ruminal, oleaginosas, PUFA, 
comportamento animal 
 
INTRODUCTION 
 
Animal welfare has been showing 
prominence in the most diverse fields in 
animal production and also in scientific 
research in the area, with these non-
invasive techniques and equipment that 
value animal comfort and well-being are 
used. 
Infrared thermography is a non-invasive 
technique of thermal body mapping, 
which uses images to measure changes in 
temperature generated by heat exchange 
or loss, emitted by the body surface 
(Roberto and Souza, 2014; McManus et 
al., 2016). These images are listed as 
measures to quantify the impact of 
environmental factors, promoting animal 

health and comfort (Chacur et al., 2016, 
Roberto and Souza, 2014). 
With the process of intensification in 
animal production, diets with a high 
concentration of concentrate are 
becoming increasingly common to meet 
the nutritional needs of animals and 
explore the potential in meat production. 
The excess of fast fermenting 
carbohydrates increases ruminal heat 
synthesis and changes the ratio of the 
main substrates from fermentation, 
influencing the animals' physiological 
responses (Araki et al., 2018). 
The inclusion of polyunsaturated fatty 
acids (PUFA) from oilseeds can reduce 
the heat emission from the synthesis of 
enteric methane, and as a consequence, 
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the production of ruminal heat 
(Beauchemin et al., 2009). Safflower 
(Carthamus tinctorius) is an oilseed of 
Asian origin that contains 14 to 15% 
crude protein, 32 to 40% g crude fiber, 
and 27 to 30% g oil based on a dry matter 
(Gecgel et al., 2007), being rich in 
polyunsaturated fatty acids, with linoleic 
acid (70 to 87%) as its main component 
(Coşge and Gürbüz, 2007). 
The main hypothesis of this work would 
be that the inclusion of safflower grain in 
diets would reduce the fermentation 
caused by non-fibrous carbohydrates, 
thus decreasing the ruminal heat 
emission and the physiological 
responses of the animals, without 
affecting the ingestive behavior. 
Therefore, the objective of this study was 
to evaluate ingestive behavior, 
physiological responses, and rumen heat 
emission through the use of infrared 
thermography in lambs fed with 
increasing levels of safflower grains. 
 
MATERIAL AND METHODS 
 
All experimental procedures were 
performed according to ethical 
standards, approved by the Institutional 
Committee for Animal Experimentation 
at the Federal University of Grande 
Dourados (Protocol number CEUA-
021/2012). The experiment was carried 
out in the Animal Reproduction sector, at 
the State University of Maringá, 
Umuarama campus, Paraná, Brazil, 

between the months of May and June 
2016. 
Eighteen (18) lambs ½ blood Suffolk and 
½ Ile de France, non-castrated males 
(17.9 ± 1.8 kg body weight and 6 months 
old) were weighed individually, 
dewormed, and housed in collective pens 
(2 animals/pen) with floor concrete, 
covered with ceramic tile and equipped 
with drinking fountains and feeders. The 
animals were randomly distributed in a 
completely randomized design, in three 
treatments, six repetitions: Control group 
(C0) (without safflower inclusion); 
(C7.5) inclusion of 7.5% safflower 
grains, and (C15) inclusion of 15% 
safflower grains. 
The experimental diets were formulated 
to be isoenergetic and provide gains of 
0.25 kg/day (NRC, 2007) (Table 1). The 
animals were fed twice a day, ad libitum 
(8 am and 4 pm), and free access to 
water. The leftover feed in the trough 
was removed daily, weighed, and dried 
in the forced ventilation oven for 72 
hours temperature of 55 º C to calculate 
the dry matter consumption (DMC). 
The safflower grain used in the diets 
showed 90% dry matter (DM), 33%  of 
ether extract (EE), 16% of crude protein 
(CP), 44% of neutral detergent fiber 
(NDF), 32 % fiber in acid detergent 
(FDA) and 2.8% ash. The animals were 
submitted to the experimental period of 
62 days plus the period of adaptation to 
the facilities, diet, and management for 
14 days, totaling 76 experimental days. 
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Table 1. The proportion of ingredients and chemical composition of experimental diets 

Ingredients (%DM) 
Levels of Inclusion 1 

0.0 7.5 15 
Corn 59.00 54.40 49.80 
Soybean meal 16.00 13.10 10.20 
Soybean grain 0.00 7.50 15.00 
Tifton-85 Hay 20.00 20.00 20.00 
Mineral blend2 5.00 5.00 5.00 

Composition Bromatological (%DM)   
Crude protein  14.46 13.98 13.49 
Ether extract 1.40 3.75 6.10 
Neutral Detergent Fiber (NDF) 22.96 25.45 27.95 
NDF – bulky 15.44 15.44 15.44 
Fiber in acid detergent (FAD) 12.43 14.35 16.26 
Ashes 1.39 1.67 1.86 
Non-fibrous carbohydrates 59.79 55.15 50.60 
EM4, Mcal/kg 2.72 2.73 2.75 

1C0 = without safflower seeds, C75 = 75 g safflower seeds/kg in diet DM, C150 = 150 g safflower seeds/kg. 2 
Composition kg: P (60 g), Ca (12 g), Na (89 g), S (17 g), Mg (10 g), Co (83 g), Fe (6 g), I (75 mg), Mn (1 g), Se (25 
mg) and Zn (4.16 mg). 3CNF = 100 - (% CP +% EE +% Ash +% NDF) (Sniffen, et al., 1992). 4 Estimated by NRC 
(2007). 

 
On the last day of each experimental 
period, a previously trained team started 
collecting data on the animals' 
physiological responses, starting at 6:00 
am. The start of taking the physiological 
variables started together with the 
feeding management of the animals to 
standardize the results of 
thermoregulation to Nutritionals. The 
rectal temperature (RT) was measured 
with the aid of a clinical thermometer 
inserted 3 cm in the rectum of the animal, 
the skin and head temperature with the 
aid of an infrared thermometer, and the 
respiratory rate measured as flank 
movements per minute counted for 15 s 
using a digital timer. 
After collecting the physiological 
parameters, on the day 12, 13, and 14 of 
each experimental period. Before (0) and 

2, 4, 6, and 8 hours after the morning 
feeding, the animals' infrared 
thermography was performed using a 
thermography camera. infrared (Testo® 
model 875-1i, Testo, Lenzkirch, BH, 
Germany). The dynamics of 
thermographic measurements were 
adjusted so that the interaction between 
thermoregulation and nutrition was the 
best possible. The day before the image 
collections, the animals were removed 
from the stalls, cleaned, and shorn in the 
flank region so that the skin's dirt and 
wool would not interfere with the 
images. Infrared thermography images 
were performed on the animal's eyes 
(eyeball), forehead, skin, and left flank 
(Figure 1) and at a distance of 
approximately 1 m, according to Salles 
et al. (2016). The animals were removed 
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from the stalls and positioned so that 
they would not impair the performance 
of the images. The images were collected 
before and every 2 hours after the first 
meal, to standardize the rumen 
fermentation time. 
 

 
 
 

 
 
 
 

 
                              Figure 1. Image of infrared thermography on the flank (A) 
                                              and frontal region (B) of lambs fed with safflower  
                                              grains. 
 
The environmental variables 
(temperature and relative humidity of the 
air) were collected daily using digital 
Thermo hygrometers positioned in three 
points of the shed (beginning, middle, 
and end). Environmental data were used 
to calculate the temperature and 
humidity index (THI) following the 
equation proposed by Mader et al. 
(2006).  

Where T is the average temperature (° C) 
and RH is the relative humidity (%) 
(Figure 2): 
𝑇𝐻𝐼 = ((0.8 × 𝑇 + (𝑅𝐻/100) × (𝑇

− 14.4) + 46.4)) 
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Figure 2.  Daily measurements of average temperature, relative humidity, and temperature and                             

humidity index during the experimental period 
 
 
The feeding behavior of the animals was 
analyzed on day 30 and 31 experimental 
periods (Eustáquio Filho et al., 2014). 
The visual observation was quantified in 
a period of 24 hours and; the variables 
evaluated were the time spent feeding, 
ruminating, and idling each animal 
(Fischer et al., 1998). The visual 
assessment was carried out every five 
minutes by four previously trained 
observers, using a (turn-turn) system, 
strategically positioned so as not to 
disturb the animals, totaling 288 
measurements per period. On the same 
day, the number of ruminations for bolus 
(NRbl) and the bolus rumination time - 
NRtm (sec/min) was observed, using a 
digital timer (Polli et al., 1996). To 
obtain the average values, ten cuds were 
observed in three periods of the day (10-
12, 14-16, and 18-20 hour), counting the 
time and number of chews per cud per 
animal. 
For the estimation of behavioral 
variables, feeding and rumination 
variables (min/kg DM and NDFP), 
feeding efficiency (g DM and NDF/h), 

rumination efficiency (g DM and 
NDFP/bolus eg DM and NDFP/h), and 
average intake of dry matter (DM) and 
neutral detergent fiber corrected for 
ashes and proteins (NDFP) per feeding 
period, we consider the voluntary intake 
of DM and NDFP on the 15 at the day of 
each period and on the 30th and 31st day 
of the experiment, with the remains 
being computed on the 16 at the day of 
each period and the 31 and 32 at the day 
of the experiment. 
The daily number of boluses was 
obtained by dividing the total rumination 
time (minutes) by the average time spent 
in the rumination of a bolus. The dry 
matter and NDF concentrations in each 
rumination bolus (g) were obtained by 
dividing the amount of DM and NDF 
consumed (g/day) in 24 hours by the 
number of daily rumination boluses. The 
efficiency of feeding (EF) and 
rumination was obtained as follows: 

EFDM = DMI/TSF 
EFNDF = NDFI/TSF 

Where, Feed efficiency of EFDM (g DM 
consumed/h) and EFNDF (g NDF 
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consumed/h); DMI (g) = daily dry matter 
intake; NDFI (g) = daily NDF intake; 
TSF = time spent feeding every day. 

RUDM= DMI/RUT 
RUNDF = INDFap/RUT 

Where, RUDM (DM ruminating g/hour); 
RUFDN (FDN ruminating g/hour) = 
rumination efficiency e RUT (hour/day) 
= rumination time; INDFap = neutral 
detergent fiber intake corrected for ash 
and protein. 

TCT = RT + RUT 
Where: TCT (min/day) = total chewing 
time; RT (hour/day) is the rumination 
time; TSF = time spent feeding every 
day (hour/day). 
These and other variables obtained in 
this experiment were obtained according 
to the methodology described by Bürger 
et al. (2000). 
The data were submitted to a normality 
analysis using the PROC UNIVARIATE 
command of the SAS 9.4 program (SAS 
Institute Inc., Cary, NC, USA). 
Behavioral data were analyzed using the 
SAS 9.4 MIXED procedure. 
The data of physiological parameters, 
ruminal and frontal heat emission, were 
analyzed by repeated measurement over 

time using the MIXED procedure of SAS 
9.4. The covariate matrix used for each 
variable was the one that presented the 
lowest Bayesian information criterion 
(BIC).  
In both cases, the model included 
treatment as a fixed effect and the stall as 
a random effect as described below: 

Yij= µ+ Ci + Bj+ eij 
Where: Yij = analyzed variable, µ = 
general mean, Ci = safflower level, Bj = 
stall effect and eij = random error. 
The data were submitted to analysis of 
linear and quadratic polynomial 
contrasts, considering a significant effect 
when P <0.05. 
 
RESULTS AND DISCUSSIONS 
 
There was no effect of the inclusion (P> 
0.05) of safflower on the temperature 
obtained on the forehead, skin, eye, and 
flank of the animals, with averages 
26.48; 28.75; 29.82, and 25.40 ° C (Table 
2). Even without showing effects, Salles 
et al. (2016), cited that through 
thermography, it is possible to identify 
small changes in temperature and allow 
monitoring with greater precision. 

 
Table 2. Infrared thermography (° C) of lambs fed with increasing levels of safflower 

grains 

Item 
Inclusion levels (%)  

EP 
P-value 

0.0 7.5 15 Average L Q 

Forehead 27.41 25.90 26.14 26.48 0.781 0.255 0.366 
Skin  28.34 28.74 29.17 28.75 0.665 0.380 0.971 
Eye  30.37 29.28 29.82 29.82 0,501 0.446 0.188 
Left flank 24.62 25.15 26.43 25.40 1.320 0.336 0.816 

EP = standard error of the mean; L = linear effect and Q = quadratic  
 
Biologically, the temperature of the 
eyeball decreased by 3.6% and that of the 
forehead by 5.5% for the inclusion of 
7.5% safflower. The effectiveness of 
infrared thermography in this region is 

due to capillarity and sympathetic 
innervation, which respond quickly to 
changes in blood flow (Salles et al., 
2016; Stewart et al., 2008). Salles et al. 
(2016) highlighted that the forehead 
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temperature is the component with the 
highest correlation to the animals' 
physiological responses; being a good 
place for detecting diseases and febrile 
states; but when changes in the diets 
offered to the animals are not intense, 
mistakes can be made. 
One of the main forms of heat dissipation 
is through the skin; the way they 
generate the body temperature varies 
from 28.40 to 36.88 ° C (Webster and 
Johnson, 1964). The animals' skin 
temperature ranged from 28.34 to 29.17 
° C, showing that the animals were 
possibly not subjected to thermal stress. 
The animals were exposed to an average 
THI of 56.84; lambs in an environment 
with THI <82 are in thermal comfort 

(Rathwa et al., 2017). The type of 
installation may also have influenced, 
Martello et al (2016), highlights that 
animals housed in tropical conditions 
and covered installations, of the 
commercial type, have greater 
variations. 
The increase in rectal temperature is an 
indicator of thermal stress by animals 
(Rathwa, et al. 2017). Salles et al. (2016), 
highlight that the forehead and flank 
thermography have a high correlation 
with the animals' rectal temperature; in 
this study, the rectal temperature 
decreased quadratically with the addition 
of safflower (P = 0.048) (Table 3), 
without changing the respiration rate (P 
= 0.529). 

 
Table 3. Physiological parameters of lambs fed with increasing levels of safflower grains 

Variável 
Inclusion levels (%)  

SEM 
P-value 

0.0 7.5 15 Average L Q 
Respiratory rate 
(breath/minute) 

47.20 43.00 41.63 
43.94 6.234 0.529 0.853 

Rectal temperature 
(°C) 

39.19 39.56 39.08 
39.28 0.089 0.358 0.048 

 
The heat dissipation pathway through 
breathing is very important in lambs 
(Marai et al., 2007). In systems of 
animals confined in a tropical climate, 
animals may suffer from thermal stress 
and increase the respiration rate to 
decrease heat production. Thus, the use 
of oilseeds in these situations can help 
reduce the heat caused during food 
digestion by producing less heat than 
carbohydrates (Doreau and Chilliard, 
1997). Safflower seed has 27 to 30% EE 
in its composition (Gecgel et al., 2007). 
However, in the present study, the use of 
safflower did not decrease the lambs 
breathing rate. The average respiration 
rate was 43.9. Despite the decrease in the 
inclusion of safflower seed in the 
respiration rate around 9.6%, a statistical 

effect was not detected, possibly due to 
the large variation around the average. 
The basal respiration rate in lambs varies 
from 36 to 48 beats/me (Hales and 
Brown, 1974), reaching 300 mov/min in 
stressed animals (Terrill and Slee, 1991). 
In the present study, the variation was 
41.6 to 47.2 beats/me for maximum 
safflower inclusion and control 
treatment, respectively. 
The rumen temperature increased by 
6.84%, including 15% safflower in the 
diet. Diets with higher concentrations of 
NDF produce higher metabolic heat than 
diets with high amounts of non-fibrous 
carbohydrates, this is due to the activities 
of rumination and digestion, which did 
not occur for this study (Table 3). In 
ruminants, the digestion of fibrous 
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carbohydrates has as its final products 
short-chain fatty acids (acetate in greater 
proportion); higher concentrations of 
carbon dioxide, methane, and heat, when 
compared to non-fibrous carbohydrates; 
with this, infrared thermography can 
improve the feed efficiency of animals 
based on measurements in the distal 
room (Montanholi et al. 2009). Meat 
production becomes more efficient with 
less heat loss and methane production, 
therefore in animals with the lowest body 
surface temperatures (McManus et al. 
2016). 

The animals showed a similarity 
between feeding and rumination time 
and idle time, which was related to the 
intake of dry matter, which did not affect 
the inclusion of safflower in the diet 
(Table 4). Marques et al. (2005), point 
out that animals in collective pens have 
less physical space available, spending 
their time moving around the pen and in 
exploratory activities, or fighting for the 
leadership of the group, with little time 
left. 

 
Table 3. Ingestive behavior of lambs fed increasing levels of safflower grains 

Variables (hour/day) 
 Inclusion levels (%)  

SEM 
P-value 

0.0 7.5 15 Average L Q 

Food  3.28 3.11 3.11 3.17 0.408 0.495 0.692 
Idleness  12.10 12.22 12.10 12.14 1.137 0.998 0.827 
Rumination 8.63 8.67 8.80 8.70 1.010 0.774 0.935 

 
Table 4. Dry matter and NDF consumption and feed and rumination efficiency, number 
and time spent feeding lambs fed with increasing levels of safflower grains 

Variables  

Inclusion Levels 
(%) 

 

EP 
P-value 

0.0 7.5 15 
Averag

e 
L Q 

DMI, kg/day 1.09 1.21 1.04 1.11 
0.14

8 
0.50

2 
0.08

8 

INDF, kg/day 
0.28 0.35 0.33 0.32 

0.04
2 

0.10
1 

0.08
0 

IFDM (kg DM ingested/hour) 
0.34 0.39 0.34 

0.36 
0.06

1 
0.97

4 
0.11

7 

RUDM (kg DM ruminated/hour) 
0.13 0.14 0.12 

0.13 
0.02

5 
0.48

6 
0.28

1 

INDFap (kg NDFap ingested/hour) 
0.09 0.11 0.11 

0.10 
0.01

7 
0.07

1 
0.11

1 
RUFDN (kg NDFap 
ruminated/hour) 

0.03 0.04 0.04 
0.04 

0.00
7 

0.35
1 

0.26
5 

Nali (n°/day) 
10.33 9.17 9.33 

9.61 
3.19

8 
0.59

6 
0.68

2 

Tali (mim/n° food) 
20.35 21.82 21.96 

21.37 
6.26

1 
0.66

3 
0.83

5 
IDM = dry matter consumption; INDF = Fiber consumption in neutral detergent; IF: feeding efficiency; ERU: rumination efficiency; 
EAFDN: feeding efficiency of the NDF; ERUFDN: NDF rumination efficiency; Nali: feeding number; Tali: feeding time 
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Rumination is affected by the 
concentration and physical type of 
dietary fiber. Despite the increase in 
NDF in diets, there was no increase in 
rumination (P> 0.05). The fiber content 
and the physical form of the diet are the 
main factors that affect the rumination 
time and intake (Van Soest, 1994); 
however, with the grinding of safflower 
grains for the supply of animals, the 
particle sizes between diets were similar. 
Carvalho et al, (2004), highlights that the 
particle size can interfere in the time 
spent for ingestion, rumination, and 
leisure. 
The voluntary consumption of DM is 
regulated by two main mechanisms in 
ruminants: the physical and 
physiological mechanisms. Thus, the 
effect of each mechanism on the intake 
of DM will depend on each one with 
different temporal effects (Allen, 2000). 
Although the diet that contained 15% 
safflower increased the ether extract 
content of the diet, this increase was not 
enough to change the animals' intake 
pattern, due to the energy of the diets 
being similar between treatments. The 
present study hypothesizes that the 
addition of safflower in the diets of 
confined lambs would reduce the 
emission of rumen heat and 
physiological parameters, such as 
respiration rate, rectal and skin 
temperature, and may affect ingestive 
behavior by increasing the concentration 
of NDF. However, the low replacement 
of corn (9.2%) by safflower in 
experimental diets may not have been 
sufficient to support the hypothesis of the 
present study. 
The increase in energy from the diet 
increases the flow of propionate to the 
liver during meals, causing satiety and 
interruption of consumption to occur 

(Allen, 2000), as well as the dietary EE 
level. However, in the present study, the 
concentration of EE did not exceed 80 g 
of EE that may cause a reduction in 
CDM in confined animals (Palmquist, 
2006), showing that the inclusion of 
safflower and as a consequence of EE 
did not reduce the consumption of 
animals, as well as the feeding time. 
The inclusion of safflower did not alter 
DM intake, DM intake efficiency and 
DM rumination (P> 0.05). The NDF 
feeding efficiency (Table 4) showed an 
increasing linear effect for the inclusion 
of safflower (P = 0.071), without 
changing the rumination efficiency. 
Macome et al. (2012), highlighted that 
diets with high levels of NDF alter the 
rumination efficiency, reflecting the 
need to process ruminal digest. The diets 
in this study showed low concentrations 
of NDF, an average of 25.45% (Table 1), 
lower values to increase digestive 
efficiency, a fact observed in the 
efficiency of rumination. 
The low efficiency of rumination 
possibly occurred due to the physical 
form of the diet resulting from the 
grinding of the grains, which did not 
affect on the time of feeding and 
rumination. The low levels of NDF in the 
diet associated with the consumption of 
DM compensate for the lower efficiency 
of rumination (Ramos et al., 2016). In 
this context, the number of visits to the 
trough and the feeding time at each visit 
was not influenced by the inclusion of 
safflower. There was also no effect of the 
addition of safflower on the variables 
MMnb, MMtb, TMT, NBR, and MMnd 
(P> 0.05) (Table 5). 
As with feeding, rumination, and leisure 
time, the inclusion of safflower did not 
promote any change in the behavior 
spent on chewing ruminal cakes. This 
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lack of effect of safflower may be related 
to the small change in the physical and 
chemical properties of the diets. The 
parameters related to the rumen cake that 
reaches the mouth may be influenced by 
the rate of ingestion and particle size, 
roughage: concentrate, type of forage, 
the concentration of non-forage fibe, and 
the processing used (Yansari et al., 
2004). The lack of effect of the inclusion 

of safflower grain on MMnb, MMtb, 
TMT, NBR, and MMnd possibly occurs 
due to the lack of effectiveness of the 
NDF to cause rumination. Thus, the 
effectiveness of the fiber increases the 
time of feeding, chewing and rumination 
(Zebeli ali et al., 2015), as well as the 
concentration of NDF in the diet, can 
change the pattern of rumination (Salfer 
et al., 2018). 

 
Table 5. Number of chews per ruminal cake, time spent per ruminal cake, total chewing 

time, number of cakes, and number of chews per day, of lambs fed with 
increasing levels of safflower grains. 

Variables 
Inclusion levels (%) 

SEM 
Contrast, P-value 

0.0 7.5 15 L Q 

NRbl (n°) 64,14 66,58 57,37 9,608 0,241 0,243 
NRtm (seg/cake) 36,04 38,39 35,21 4,252 0,741 0,213 
TMT (hours) 11,903 11,776 11,901 1,137 0,998 0,827 
NBR (n°day) 865 826 924 176 0,566 0,449 
MMnd (n°/day) 54623 54228 51441 6164 0,385 0,703 
NRbl: number of chewing per ruminal cake; NRtm: chewing time by rumen cake; TMT: total chewing time; NBR: 
cake number; MMnd: number of chews per day. 

 
Safflower does not affect the parameters 
of the ingestive and physiological 
behavior of confined lambs and the 
inclusion of up to 15% safflower can be 
used without harmful effects on animals. 
Only the rectal temperature was 
influenced by the inclusion of safflower 
and further studies should be conducted 
to determine the maximum level of 
inclusion. Infrared thermography does 
not detect milder changes in temperature 
in confined lambs and if used, the 
evaluation must be careful to consider 
the evaluated region. 
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