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530P Effect of encapsulated citral and cinnamaldehyde on 
growth performance, intestinal morphology and meat quality 
of broiler chickens. Chongwu Yang*1,2, Janghan Choi3, Marion 
Mogire1, Argenis Rodas-Gonzalez1, Moussa Diarra2, Qi Wang3, 
Joshua Gong2, and Chengbo Yang1, 1University of Manitoba, Winni
peg, Manitoba, Canada, 2Guelph Research and Development Centre, 
Agriculture Agri-Food Canada, Guelph, Ontario, Canada, 3Univer-
sity of Manitoba Animal Science, Winnipeg, Manitoba, Canada. 

This study investigated the effects of encapsulated citral (CIT) and 
cinnamaldehyde (CIN) on growth performance, intestinal morphology 
and meat quality in broilers. A total of 320 0-d-age male broilers (Cobb 
500) were allocated 32 pens with 8 pens per treatment. The treatments 
included: 1) Corn-wheat-SBM basal diet (negative control); 2) basal diet 
with 30 ppm avilamycin premix (positive control); 3) basal diet with 
50 ppm encapsulated CIT and CIN (CCL); 4) basal diet with 100 ppm 
encapsulated CIT and CIN (CCH). Statistical analyses were conducted 
according to a complete randomized design using the GLM procedure 
(SAS 9.4) with treatment groups as sources of variation and the indi
vidual pen as experimental units (8 pens/treatment group). There were 
no signifcant differences between treatments in growth performance 
(P > 0.05) at each feeding stage. Additionally, birds had similar relative 
organ weights of heart, liver, spleen and bursa (P > 0.05). The higher 
ratios of villus height to crypt depth (VCR; P < 0.05) were detected in 
broilers fed either CCL or CCH, with an average being 14 67 and 15 13 
in the duodenum, and 15 13 and 13 58 in the jejunum, respectively 
Regarding meat quality, a higher pH value (pH = 6.21) in the breast 
was observed in 24-h post mortem chickens fed CCL (P < 0.05). No 
signifcant differences of pH were detected in the breast in 96-h post 
mortem birds. The breast color (redness, yellowness, and lightness) in 
either 24-h or 96-h post mortem chickens was not signifcantly different 
among treatments (P > 0.05). No change in purge loss (%) was observed 
in the breast after 48 h. The severity of white striping (WS) or woody 
meat (WB) was higher in the positive control (WS = 0.58; WB = 0.15) 
than in other treatments (P < 0.05). In conclusion, dietary treatment 
with encapsulated CIT and CIN improved gut health and meat quality 
of broilers by increasing VCR in the small intestine and reducing the 
severity of WS/WB in the breast, respectively, without affecting growth 
performance 
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531P Effects of source and level of available phosphorus in the 
diet on performance and egg quality of brown laying hens from 
33 to 45 weeks of age. A Huerta1, A F de Juan*1, J García1,2, R 
Scappaticcio1,2, L Cámara1, and Gonzalo Mateos1, 1UPM, Madrid, 
Madrid, Spain, 2Camar Agroalimentaria S.L., Toledo, Spain. 

The objective of the experiment was to study the infuence of the source 
and level of available phosphorus (AP) in the diet on performance and 
egg quality of brown Classic Lohmann hens from 33 to 45 wk of age The 
experimental diets were based on corn and soybean meal and contained 
2,710 kcal AMEn/kg, 0.78% SID Lys, and 3.9% Ca. A commercial phy-
tase, at the recommended dose, was added to all diets The experimental 
design was completely randomized with 8 treatments arranged as a 2 
× 4 factorial with 2 sources of phosphorus [calcined bone phosphate 
(CBP) and monocalcium phosphate (MCP)] and 4 levels of AP (0.26, 
0.30, 0.34, or 0.38%) as main effects. Each treatment was replicated 13 
times and the experimental unit was an enriched cage with 9 hens The 
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experiment lasted for 12 wk (3 periods of 4 wk). Egg production, hen 
mortality, and the incidence of dirty, broken, and shell-less eggs were 
recorded daily Feed intake was measured by period and cumulatively 
All the hens were weighed the end of each of the periods Egg weight 
was determined by period in all eggs produced the last day of each wk 
From these data, egg mass, ADFI, feed conversion ratio (FCR), and 
BW gain were calculated by period and cumulatively Haugh units and 
eggshell quality were determined in 8 eggs chosen at random from each 
replicate the last 2 d of each of the 4 wk-periods In addition, data were 
analyzed as a completely randomized design with source of P and level 
of AP as main effects Furthermore, the effect of the level of AP on all 
the variables studied was partitioned into the linear (L) and quadratic 
(Q) components. No interaction between P source and AP level in the 
diet was observed for any of the performance or eggshell quality traits 
studied and therefore, only main effects are presented Neither source 
of P nor AP content of the diet affected any of the performance traits 
studied. Hens fed the diets containing MCP had higher (P < 0.05) inci
dence of dirty eggs An increase in the level of AP of the diet increased 
(L, P < 0.05) the incidence of broken eggs and tended (L, P = 0.098) 
to reduce eggshell resistance to breakage In summary, neither source 
of P nor level of AP of the diet affected egg production in hens from 33 
to 45 wk of age The incidence of dirty eggs increased when MCP was 
used as a phosphorus source The incidence of broken eggs increased 
as the level of AP in the diet increased from 0 26 to 0 38%, with most 
of the negative effects observed in the last period of the trial From 33 
to 45 wk of age laying hens require no more than 0 26% AP in the diet 
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532P Infuence of the length of the post-hatch holding time on 
growth performance and the development of the proximal part 
of the gastrointestinal tract of broilers from 1 to 21 d of age. G 
Fondevila*, L Cámara, J Archs, A F de Juan, Lewis Aguirre, and 
Gonzalo Mateos, UPM, Madrid, Madrid, Spain. 

We studied the infuence of the length of the post-hatch holding time 
(HT) on the development of the organs of the proximal part of the gastro
intestinal tract and growth performance of broilers from 1 to 21 d of age 
In experiment 1, 120 birds were pulled from the hatchery 24 or 48 h after 
the frst egg hatched, vaccinated against major diseases, and prepared for 
shipping (3 h). Then, chicks were transported (6 h) to the experimental 
farm. The fnal length of the HT was 33 and 57 h, respectively. Neither 
water nor feed were supplied during this period Each treatment was 
replicated 6 times and the experimental unit was a cage with 10 birds 
The broilers were fed a common low-density diet (EMAn = 2,820 kcal/ 
kg; digestible Lys = 0.92%) in mash form throughout the experiment. 
Feed consumption, BW, and FCR were determined by replicate at 0, 
7, 14, and 21 d of age At 7 and 21 d of age, 2 birds per cage chosen at 
random were weighed individually and used to measure the weight (full 
and empty) and the pH of the crop and the gizzard. In addition, the DM 
content of the crop digesta was determined The experimental design 
was completely randomized The effects of HT on growth performance 
and organ traits and its interaction with age were analyzed using the 
MIXED procedure of SAS. An increase in HT length from 33 to 57 h 
reduced the BW of the broilers at the arrival to the experimental farm 
(40.5 vs. 35.6 g; P < 0.001) and at 21 d of age (P < 0.001). From 1 to 
21 d of age, bird mortality increased (P < 0.05) as the length of the HT 
period increased From 1 to 7 d of age, the longer HT period impaired 
(P < 0.05) FCR but the effect disappeared after this age. In experiment 
2, chick management and experimental design were similar to those 
described for experiment 1 but a high-density diet (EMAn = 2,970 
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kcal/kg; digestible Lys = 1.31%) was used. An increase in the length 
of the HT period reduced the BW of the broilers at the arrival to the 
experimental farm (40.7 vs. 36.3 g; P < 0.001) and at 21 d of age (P < 
0.05). Also, the longer HT period impaired FCR from 1 to 7 d of age (P 
< 0.05) but not thereafter. Length of the fasting period after hatch did not 
affect any of the organ traits studied in any of the 2 experiments at any 
age Regardless of the energy and amino acid density of the diet, long 
fasting periods after hatch reduced growth performance and reduced 
the feed effciency of the birds during the frst week after hatch. The 
data indicate that food and water deprivation after hatch delays the start 
of the growth of the chicks without affecting the development of the 
proximal part of the gastrointestinal tract 
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534P Effcacy of Saccharomyces cerevisiae cell walls (SCIW) 
in reducing the toxic effects of afatoxin B1 in broilers fed dietary 
treatments from hatch to 21-day of age. Madainey Humphrey*1,2, 
David Ledoux1, Colwayne Morris1, and Patsy Ann Francis2, 1Uni-
versity of Missouri–Columbia, Columbia, Missouri, United States, 
2University of Guyana, Georgetown, Guyana. 

The aim of this study was to evaluate the effcacy of Saccharomyces 
cerevisiae cell walls (SCIW) at dietary concentrations of 0.1%, and 
0.15% in ameliorating the deleterious effects of 2 mg afatoxin B1 (AFB1) 
/kg of feed in broilers fed dietary treatments from hatch to 21d. The 
SCIW was obtained from a yeast byproduct manufacturing company in 
Brazil which utilized the yeast extracts from local sugarcane processing 
Cobb 500 broilers (n = 125) were sourced from a commercial hatchery, 
wing-banded, weighed, and randomly placed into chick batteries in a 
temperature and humidity-controlled room, and allowed ad libitum 
access to feed and water. A Completely Randomized Design (CRD) was 
used, comprising 5 dietary treatments, 5 replicates per treatment and 
5 birds per replicate. Dietary treatments were assigned as follows: T1) 
Basal Diet (BD) – containing no SCIW or AFB1, which was the positive 
control (PC); T2) BD plus 0.15% SCIW and 0 AFB1; T3) BD plus 2 mg 
AFB1 /kg of feed and 0% SICW, which was the negative control (NC); 
T4) BD plus 0.1% SCIW and 2 mg AFB1 /kg of feed; and T5) BD plus 
0 15% SCIW and 2 mg AFB1 /kg of feed. There were no signifcant 
(P > 0.05) differences among treatments for body weight gain, feed 
intake or feed conversion However, compared with the PC birds, birds 
fed the NC diet gained 6% less weight. There were no signifcant (P > 
0.05) differences in percent toe ash among treatments. Aspartate amino-
transferase increased (P < 0.05) in birds fed 0.1% SCIW +AFB1, and 
decreased from elevated values (P < 0.05) in birds fed 0.15% SCIW+ 
AFB1 back to values observed for the PC diet Relative liver weight was 
increased (P < 0.05) in birds fed 0.15% SCIW+ AFB1 when compared 
with the birds fed the PC diet but was not different from birds fed the 
NC diet. Compared with the PC birds (score 0.3) and birds fed SCIW 
alone (score 0.2), higher liver lesion scores were observed in birds fed 
the NC diet (score 1.0), and those fed AFBI in combination with SCIW 
(0.10%, score 1.3, and 0.15% score 1.5). Mild bile duct proliferation 
was observed in livers of all birds fed AFBI and the combinations of 
SCIW and AFB1 In conclusion, results indicate that SCIW may have 
been benefcial with respect to growth performance but not effective 
with respect to reducing or preventing liver lesion scores 
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535P Responses of different dietary energy levels on carcass 
traits and abdominal fat accumulation in Pekin duck from hatch 
to 21 days. Jun Seon Hong*, Hyun Min Cho, Shemil Macelline, 
Samiru Wickramasuriya, and Jung Min Heo, Chungnam National 
University, Daejeon, Korea (the Republic of). 

An experiment was conducted to study the responses of 6 different 
dietary apparent metabolozable energy levels (AME: from 2,700 to 3,200 
kcal/kg, 100 kcal/kg disparity) on carcass traits in Pekin duck from 1 to 
21 d of age A total of 432 one-day-old male white Pekin ducklings were 
randomly allocated in to one of 6 dietary treatments to give 6 replicates 
(12 birds per pen). The diets were formulated based on corn-soybean 
meal to meet or exceed NRC (1994) nutrient recommendations for 
Pekin duck The carcass traits and abdominal fat were evaluated on d 
21 using a randomly selected duck from each cage Breast-, leg-meat 
weight and empty body weight were measured and calculated breast 
and leg meat yield in proportionate to empty body weight Our data was 
statistically analyzed using one-way ANOVA in GLM procedure of SPSS 
24.0 (Statistical Package for the Social Sciences, 2016). Our results in 
the current study indicated that ducks fed higher dietary energy (over 
2900 kcal/kg) diets increased (P < 0.05) the proportion of abdominal 
fat Nevertheless, proportion of breast meat weight did not show any 
differences (P > 0.05) among dietary treatments. However, proportion 
of leg meat gradually decreased (P < 0.05) while dietary energy level 
increased In conclusion, higher dietary energy level did not affect breast 
meat yield, nonetheless abdominal fat increased when dietary apparent 
metabolizable energy was beyond 2900 kcal/kg. 
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536P Relative metabolizable energy values for oxidized fats 
and oils determined using a slope-ratio precision-fed rooster 
assay. Patrick von Schaumburg*1, Pamela Utterback1, Brian Kerr2, 
Rob Shirley3, Jason Lee4, and Carl Parsons1, 1University of Illinois 
Urbana-Champaign, Urbana, Illinois, United States, 2USDA-ARS-
National Laboratory for Agriculture and the Environment, Ames, 
Iowa, United States, 3Adisseo USA Inc., Alpharetta, Georgia, United 
States, 4Texas A&M University, College Station, Texas, United States. 

Over time, lipids exposed to certain elements (e.g., UV light, high tem
peratures, oxygen) can become oxidized, thereby affecting their taste 
and odor, as well as decreasing their metabolizable energy content Two 
slope-ratio precision-fed rooster assays were conducted with several 
fats and oils fed at different dietary levels to determine their relative 
metabolizable energy value (RME). The fat and oil sources evaluated 
in Experiment 1 were refned corn oil (RCO), canola oil (CO), poultry 
fat (PF), oxidized canola oil (OCO), and oxidized poultry fat (OPF). 
Both CO and PF were oxidized by heating each oil for 60 h at 90°C 
being cycled between 8 h hot and 16 h cold Ambient air was percolated 
through the lipids at a rate of 12 L/min. For OCO and OPF there was an 
increase in the peroxide and p-anisidine values and a decrease in iodine 
values post-oxidation In Experiment 1, birds were precision-fed 0, 5, 
and 10% of the fats as part of a ground corn diet Data were analyzed 
using multiple regression of TMEn regressed on dietary fat level and 
then slope-ratio analysis was used to estimate RME, where the regression 
coeffcient of the test lipid was divided by the regression coeffcient of 
the reference RCO fat source (RME value set at 100%). The results of 
the slope-ratio analysis indicated that the RME values for the CO, PF, 
OCO, and OPF were not signifcantly different (P > 0.05) from 100% 
(R2 value of 0.87 for the multiple regression), although the RME values 
for the CO and PF were numerically decreased by 10–11 percentage 
units by oxidation. In Experiment 2, soybean oil (SO) was used and was 
thermally processed at different temperatures and different lengths of 
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