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ABSTRACT

Five experiments were conducted to investigate the effects of antioxidants

® and Oxiban®) using fresh or oxidized fat on the performance of

(Santoquin
broiler chicks. Day-old broiler chicks {(except for Experiment 5 in which
6-d-old birds were given experimental diets for 10 d) were fed diets
containing fresh or oxidized fat (animal-vegetable fat blend in Experiments 1,
4, and 5 and com oil in Experiments 2 and 3) with or without graded
concentrations of Santoquin® (0, 250, 500 ppm in Experiments 1 and 2 and O,
100, 200, 300, 400, 500 ppm in Experiment 3) or of Oxiban® (0, 400, 800 ppm
in Experiment 4 and 400 ppm with 0.19% lipase in Experiment 5) of 2 wk. In
all experiments, birds fed fresh fat gained more weight, had better feed/gain,
together with higher AME, and apparent fat digestibility (Experiments 1 and
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2) than birds fed oxidized fat (P < 0.05). There was no interaction among fat
sources and antioxidants on the performance of chicks in any experiment. In

® more than 200 ppm resulted in a reduction in

Experiment 3, Santoquin
welght gain and feed intake (P < 0.05). The livers of chicks fed oxidized fat
in Experiments 2 and 5 had higher malondialdehyde (MDA) values (P < 0.05).
Chicks fed oxidized fat with 250 ppm Santoquin® 1n Experiment 2 had lower
liver MDA wvalues, although this situation did not occur in Experiments 1, 4,
and 5. These results indicate that antioxidant supplements can alleviate most
deleterious effects of feeding oxidized fat and that supplementation of

® more than 200 ppm has a negative effect on the performance of

Santoquin
broiler chicks.

(Key words : antioxidants, Santoquin®, Oxiban®, rancidity, oxidized fat)

INTRODUCTION

Dietary fats are used to provide energy and essential fatty acids, and also
aid in the assimilation of fat-soluble vitamins to animals. When fats are stored
under adverse conditions, they may became oxidized. Oxidation of fats is
known to produce undesirable results, including loss of fat-soluble vitamins in
the diet and body, degradation of =xanthophyll, reduced palatability, and
impairment of subsequent bird health. Feeding oxidized fat has deleterious
effects on growth and feed efficiency (Nakamura et al., 1972; Reddy and
Tappel, 1974; Cabel et al, 1988). In contrast, L'Estange et al. (1966) reported
no differences in weight gain and feed efficiency in broilers fed oxidized beef
tallow compared with controls. Synthetic antioxidants are used in feed and
feed ingredients to’ prevent oxidative losses of fat-soluble vitamins in
unstabilized feed (L'Estange et al., 1966, Najman et al., 1976) and to prevent
degradation of unsaturated fatty acids, particularly in unstabilized fat and
byproduct meals. Synthetic antioxidants such as Ethoxyquin have been used
for many years to enhance pigmentation (Romoser et al, 1959; Waldroup et
al., 1960; Nakaue et al, 1966) and prevent the oxidative destruction of dietary
fats (Cabel et al., 1988). However, in view of these findings, there is still

considerable variation in use of antioxidants in commercial poultry feedings.
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This situation raises some concerns because most feed grade fats now contamn
considerable quantities of recycled restaurant fats and oils, in which prior
oxidation 1s more likely to have occurred than with conventional animal fats
and vegetable oils. There is also current research interest in the use of lipase
enzymes (AL-Marzooqi and Leeson, 1999; Kermaushahi et al, 1998) in which
liberation of free fatty acids may render fat more susceptible to oxidation. The
objectives of the present studies were to evaluate the effect of using oxidized
fats containing restaurant greases and lipase enzymes in broiler starter diets,
and to determine the protective effect of antioxidants under such feeding

conditions.

MATERIAL AND METHODS

Preparation of Oxidized Fat
Oxidized fat or oil used in experiments were prepared by bubbling air
through the fat or oil at 90 C for 48 h.

Experiment 1

One hundred and forty—four 1-d-old male broiler chicks of a commercial
strain were allocated at random to diets contalning 5% fresh or oxidized
animal-vegetable fat blend that contained restaurant grease with or without
graded concentrations of Santoquin® (0, 250, and 500 ppm). Each treatment of
24 birds was represented by four replicate groups of six birds each housed in
electrically heated cages. Feed and water were provided for ad libitum
consumption. Weight gain and feed intake were recorded at 7 and 14 d. In
order to determine AME,, excreta was collected for 3 d following the main
feeding trial and oven dried at 656 C for 72 h. After collection of excreta, four
chicks per treatment were euthanatized by cervical dislocation in order to

estimate malondialdehyde (MDA) content in liver.

=013 %

v

38



TABLE 1. Composition of basal diet

Ingredients (%)
Comn 52.03
Soybean meal (CP 48%) 28.79
Canola meal 10.00
Animal-vegetable fat blend' or corn oil’ 5.00
Limestone 1.50
Dicalcium phosphate 1.37
Vitamin-mineral premix® 0.75
Salt 0.38
DIL-methionine 0.18

Calculated analyses

ME, kcal/kg 3050',3104°
Crude protein, % 22.00
Crude fat, % 7.27
Calcium, % 1.00
Total phosphorus, % 0.69

'Animal-vegetable fat blend for Experiment 1, 4 and 5 was added to the basal diet either
fresh (MDA value 755 ng/g fat for Experiment 1, 3.05 meqg/kg fat for Experiment 4 and 5 )
or oxidized(MDA value 1284 ng/g fat for Experiment 1, 59.45 meqg/kg fat for Experiment 4
and 50.23 meqg/kg fat for Experiment 5).

’Corn oil for Experiment 2 and 3 was added to the basal diet either fresh (MDA values, 8.89
ng/g fat for Experiment 2 and 26.26 ng/g fat for Experiment 3) or oxidized (MDA values,
2289 ng/g fat for Experiment 2 and 1970.79 ng/g fat for Experiment 3).

*Supplying per kilogram of diet: vitamin A, 8800 IU; cholecalciferol, 3,300 IU; vitamin E, 40
IU; vitamin K, 3.3 mg; choline, 600 mg; riboflavin, 8.0 mg; pantothenate, 15 mg; vitamin Big,
12 g; folic acid, 1.0 mg: niacin, 50 mg; thiamine, 4 mg; pyridoxine, 3.3 mg; maganese, 10 mg;

iron, 60 mg; copper, 10 mg; zinc, 70 mg; selenium, 0.3 mg; iodide, 1.0 mg.

Experiment 2
Experiment 2 was carried out with the same design of Experniment 1
except that corn oil was used instead of the animal-vegetable fat blend.

Experiment 3

Two hundred and eighty-eight 1-d-old male broiler chicks of a commercial
strain were allocated at random to diets containing 5% fresh or oxidized corn
oil with or without graded concentrations of Santoquin® (0, 100, 200, 300, 400,
and 500 ppm). Each treatment of 24 birds was represented by four replicate
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groups of six birds each housed in electrically heated cages. Feed and water
were provided for ad libitum consumption. Weight gain and feed intake were
recorded at 7 and 14 d.

Experiment 4

One hundred and forty-four 1-d-old male broiler chicks of a commercial
strain were allocated at random to diets containing 5% fresh or oxidized comn
oil with or without graded concentrations of Oxiban® (0, 400, and 800). Each
treatment of 24 birds was represented by four replicate groups of six birds
each housed in electrically heated cages. Feed and water were provided for ad
libitum consumption. Weight gain and feed intake were recorded at 7 and 14
d. At the end of the feeding trial, four chicks per treatment were killed by
cervical dislocation in order to estimate MDA content in liver.

Experiment 5

Experiment 5 was carried out in a 2 X 2 X 2 factorial design consisting
of 5% fresh or oxidized corn oil with or without Oxiban® (400 ppm) or lipase
(0.1%¢ of diet). Lipase activity was 25 units USP/mg. Three hundred and
eighty-four 1-d-old male broiler chicks of a commercial strain were fed a
basal diet to 5 d of age. At 6 d of age, two chicks per cage were culled
based on chicks having high or low weight. Each treatment was represented
by six replicate groups of six chicks each. Feed and water were provided for
ad libitum consumption. Weight gain and feed intake were recorded at 10 d.
At the end of the feeding trial, four chicks per treatment were Kkilled by
cervical dislocation in order to estimate MDA content in liver.

Lipid Peroxidation and Chemical Analysis

Rancidity of fat or oil was measured by the method of Squires et al.
(1991) measuring malondialdehyde (MDA) value in Experiments 1, 2, and 3 or
by the method of AOAC (1990) measuring peroxide value in Experiments 4
and 5. The MDA value in liver was determined to measure liver lipid
peroxidation (Squires et al, 1991). Diets and excreta were assayed for gross
energy by adiabatic bomb calorimeter, for nitrogen by Kjeldahl procedure, for
crude fat by ether extraction, and for digest soap formation by ether

extraction after hydrolysis with 25% HCI.
HEBELE
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Statistical Analysis

Analysis of variance was analyzed using General Linear Models (GLM)
procedure of SAS (SAS Institute, 1985) to determine the main effects and
interactibns of the kind of fats, antioxidant and lipase on the performance of
broiler chicks, nutrient availability and MDA values. When significant
differences among treatment means were found, means were compared using
Duncan’s multiple range test.

RESULTS

Experiment 1

Feeding oxidized fat caused a significant reduction in weight gain up to 2
wk of age (P < 0.05, Table 2). Over the 0 to 2 wk growth period, using
oxidized fat caused a significant (P < 0.05) increase in feed:gain (Table 2).
Santoquin® generally had no effect on bird performance. Diet AME, was
signifcantly (P < 0.01) reduced when oxidized fat was used (Table 3). In part
this energy effect can be attributed to reduced digestibility of the oxidized fat
(P < 001, Table 3). Chicks fed oxidized fat had a larger livers (P < 0.05,
Table 3) although fat source had no effect on liver MDA levels. Santoquin®
caused a reduction in diet AME, although 250 ppm Santoquin® increased fat
digestion (P < 0.05, Table 3). Diet treatments had no effect on digesta soap
formation.

Experiment 2

Oxidized corn oil had a deleterious effect on weight gain and feed intake
(P < 001, Table 4) and resulted in inferior feed efficiency in the 0 to 7d
period. Oxidizing the corn oil resulted in reduced diet AME, (P < 0.01) and
fat digestion (P < 0.01, Table 5). The poorer performance with oxidized corn
oll was associated with increase in liver size (P < 0.01) that contained higher
levels of MDA (P < 0.01). Santoquin® reduced liver MDA levels in birds
fed the oxidized oil but did caused increased liver weight (7 < 0.05, Table 5).
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TABLE 2. Weight gain, feed intake and feed/gain ratio of broiler chicks fed
fresh or oxidized fat, Experiment 1

Weight gain Feed intake Feed/gam
Fat Santoquin® Oto 1 1to 2 0 to 2 Otol1to2 0to?2 0tol 1to20to?2
wk wk wk wk wk wk wk wk wk
(ppm) (g)
Fresh 0 708 1940 2648 935 3383 4318 132 175 163

220 713 190 2660 90.3 3260 4163 1.27 167 156
500 700 1830 2583 893 3213 4103 128 171 159
Oxidized 0 648 188 2505 843 3250 4095 130 175 164
250 635 1750 2365 833 3108 3938 1.31 183 169
500 550 1718 2300 737 3067 3820 1.3 176 166

Pooled SEM 506 813 1230 581 1188 16.37 002 005 004
Main effect means
Fat
Fresh 70.7*  1923* 263.0° 91.0 3285 4194 129 171 160°
Oxidized 61.6° 177.7° 2395° 81.0 3154 39.3 132 178 166
Santoquin®
0 ppm 678 1859 2576 889 3316 4206 131 175 163
250 ppm 674 1834 2508 868 3184 4050 129 175 162
500 ppm 633 1824 246.1 826 3159 398.1 131 173 162
Probability
Fat 0.0474 00460 0.0349 00586 02030 01086  0.1345 0.0963 0.0459
Santoquin® 06060 05740 05935 05172 03678 03672 04999 0.9647 0.9619

Fat X Santoquin® 06754 0.6494 0.7799 0.7763 0.9935 0.9809 0.1324 0.2827 0.2779

*Values within the same column with different superscripts differ significantly (P < 0.05).
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TABLE 3. AME,, fat digestibility, and liver characteristics of fed fresh or
oxidized fat, Experiment 1

Fat Santoqui®  AME, digelg‘tai!t)ility for?gggon v{:fi:;rge;l-t MDA
{ppm) (keal/g) (%) {94) (g/100g BW) (ng/g liver weight)
Fresh 0 3044 86.01 34.47 3.1 208
250 2979 86.36 32.24 36 326
500 2966 84.60 34.41 34 325
Oxidized 0 2905 79.48 36.61 41 310
250 2932 83.00 3855 36 _ 362
500 2870 79.73 35.08 3.7 384
Pooled SEM 15.46 0.80 267 0.24 41.40
Main effect means
Fat
Fresh 2996" 85.65" 33.71 3.4° 316
Oxidized 2905" 80.83° 36.90 38 349
Santoquin®
0 ppm 2974" 82.74° 3554 3.6 304
250 ppm 2955"" 84.68° 35.40 36 344
500 ppm 2925° 82.51° 34.70 35 350
Probability
Fat 0.0001 0.0001 0.1701 0.0380 0.3591
Santoquin® 0.0092 0.0175 0.9735 0.9961 0.4846
Fat x Santoquin® 0.0202 0.1725 05769 0.1408 0.8573

**Values within the same column with different superscripts differ significantly (P < 0.05).

* " Values within the same column with different superscripts differ significantly (P < 0.01).
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TABLE 4. Weight gain, feed intake and feed/gain ratio of broiler chicks fed
fresh or oxidized com oil, Experiment 2

Weight gain Feed intake Feed/gain
Comn oil Santoquin® Otol 1to2 0to2 Otol Lto2 Oto? Otol 1to20to2
wk wk wk wk wk wk wk wk wk
{ppm) (g)
Fresh 0 933 2603 3533 1120 3050 4168 1.20 136 118
250 858 2448 3305 1035 2838 3918 1.21 13% 119
500 76.3 2355 3120 8963 2770 3733 1.28 133 121
Oxidized 0 630 2128 2753 835 2388 3220 1.34 1.30 117
250 683 2128 2810 838 2478 3373 1.31 132 120
500 720 2150 2867 920 251.0 3427 128 133 120
Pooled SEM 655 974 1474 716 11.37 1786 0.03 002 0.04
Main effect means
Comn oil
Fresh 8.1% 2468" 3939 * 1039° 290.3* 33194 127" 134 119
Oxidized 639" 2104% 3241°  842° 2402° 2741 % 134" 130 118
Santoquin™
0 ppm 781 2365 3694 978 2719 3143 127 133 117
250 ppm 770 2288 3645 9.6 2683 3058 126 134 119
500 ppm 684 2206 3431 878 2565 2890 1.31 131 1.19
Probability
Corn oil 0.0042 00004 0.0005 00123 0.0002 0.0008 0.0055 0.0795 0.7338
Santoquin® 0.4205 03202 03258 04673 0.4407 04357 0.4404 0.5797 0.8431

Corn oil X Santoquin® 06144 06447 05823 06779 05748 05981 0.8089 0.8503 0.7826

*®Values within the same column with different superscripts differ significantly (P < 0.05).
A Values within the same column with different superscripts differ significantly (P < .01).

Experiment 3

Oxidized com oil again resulted in reduced weight gain and feed intake (P
< (.01, Table 6). Santoquin® beyond 200 ppm had a deleterious effect on
weight gain (P < 0.05, Table 3) and this was associated with reduced feed
intake in the 0 to 1 wk period.

Experiment 4

Oxidizing the animal-vegetable blend fat in this study generally had few
effects on bird performance (Table 7). Oxidizing caused a reduction in feed
efficiency and Oxiban® improved feed efficiency over the 0 to 2 wk study (P
< 0.05 Table 7). Liver weight and MDA values were unaffected by diet
treatment.
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Experiment 5

Feeding oxidized fat caused reduced weight gain and increased liver MDA
levels (P < 0.05, Table 8). Adding lipase to the diet had no further effect on
these parameters.

TABLE 5. AME,, fat digestibility, and liver characteristics of fed fresh or
oxidized corn oil, Experiment 2

Corn oil Santoquin® AME, Fat digestibility — Liver weight MDA
(ppm) (kcal/g) (%) (g/100g BW) (ng/g liver weight)
Fresh 0 3089 85.36 3.0 349
250 3078 84.12 33 279
500 3110 83.96 35 373
Oxidized 0 2936 78.59 3.7 815
250 2982 78.52 4.1 494
500 2841 81.89 4.3 569
Pooled SEM 70.75 1.82 0.23 29.12
Main effect means
Com oil
Fresh 3092* 84.48% 33" 3338
Oxidized 2919° 79.66" 40" 626"
Santoquin®
0 ppm 3012 81.97 3.3° 582°
250 ppm 3029 81.32 3.7 386"
500 ppm . 2975 8293 39" 471%
' Probability
Corn oil 0.0079 0.0044 0.0006 0.0001
Santoquin® 0.7394 0.6772 0.0833 0.0216
Corn oil X Santoquin® 04758 0.4237 0.8954 0.0848

“"Values within the same column with different superscripts differ significantly (P < 0.05).
¥ Values within the same column with different superscripts differ significantly (P < 0.01).

DISCUSSION

Birds fed oxidized fat gained less weight, had poor feed efficiency and
usually digested less fat and energy from the diet compared to birds fed fresh
fat. These results substantiate earlier observation (Hussein am Kratzer, 1982;
Lin et al, 1989) that feeding oxidized fat or oils influence animal growth. The
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poor growth rate may be the consequence of the toxic effects of oxidized fats
or oils (Century and Horwitt, 1959). Aldehydes, ketones, esters, and
polymerized oils are direct products of oxidation and can result in reduced
dietary energy values (Shermer and Calabotta, 1985). Bottje and Wideman
(1995} reported that slower growth rates could lower oxidative stress by
decreasing the amount of free radicals generated during metabolism. Engberg
et al. (1996) reported that birds fed oxidized fat had lower weight gain, fat,
and energy retention than did birds fed fresh fat. Santoquin® decreased AME,
in Experiment 1 and there was a similar tendency in Experiment 2 although
this effect was not significant. Decreased AME, is thought to be associated
with the high concentration of Santoquin® in diets. This effect was confirmed
in Experiment 3, in which birds fed more than 200 ppm Santoquin® showed
lower weight gain.

There was no effect of Santoquin®

on weight gain except in Experiment 3, in
which com oil was oxidized to a greater degree compared to other
experiments. Therefore, concentrations of Santoquin® in diets beyond 250 ppm
in Experiments 2 and 3 seemed to have a negative effect on performance of
broiler chicks. Ohshima et al. (1996) observed increased weight gain and feed
efficiency when less than 125 ppm ethoxyquin was used but not when more
than 125 ppm ethoxyquin was used. Cabel et al. (1983) reported that the
addition of ethoxyquin (62.5 and 125 ppm) had little or no effect either body

weight and feed efficiency at low levels of peroxide (2 and 4 meq/kg).
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TABLE 6. Weight gain, feed intake and feed/gain ratio of broiler chicks fed

fresh or oxidized corn oil, Experiment 3

Weight gain Feed intake Feed/gain
Com oil Santoquin® Oto]l lw2 Ot2 Ol lw?2 O?2 Ol lto? D2
wk wk wk wk wk wk wk wk  wk
(ppm) (g)
Fresh 0 1099 2242 3341 1256 3125 4381 115 140 132
100 1063 2290 3353 1215 3010 4225 115 132 126
200 99.1 2245 3237 1136 2930 4066 115 131 1%
300 978 2275 3254 1114 2850 3%5 114 125 122
400 972 2206 3179 1141 3135 4276 118 143 135
500 984 2186 3170 1077 2800 3877 110 128 125
Oxidized 0 948 2141 3089 1064 2891 3955 113 135 1.28
100 995 2118 3114 1131 2864 3996 114 135 129
200 1008 2184 3191 1136 280 3986 113 131 195
300 950 1915 2864 1136 2653 3790 120 140 133
400 786 1862 2648 949 2560 3509 121 138 133
500 877 2084 2963 1019 2754 3773 116 132 128
Pooled SEM 459 726 1035 484 1253 497 012 005 004
Main effect means
Corn oil
Fresh 1015% 2241% 3255% 1157 2975% 4132 114 133 127
Oxidized 92.8% 205.1"% 297.8° 1073 2762° 3835% 116 135 1.29
Santoquin®
0 ppm 102.3* 2191 3215° 1161° 3008 4168 114 137 130
100 ppm 10297 2204  3233° 11737 2937 4110 114 134 127
200 ppm 99.9% 2215 3214% 1134 2890 4026 114 131 196
300 ppm 96.4* 2095 3059 * 1126™ 2752 3878 117 132 127
400 ppm 879" 2034 2914 ° 1045" 2848 382 119 140 133
500 ppm 93.1* 2135 3067 1048" 2777 3825 113 130 125
Probability
Corn oil 0.0021 0.0001 0.0001 00038 00056 00015 0.2450 0.4677 0.3566
Santoquin® 0.0149 01138 0.0236 0.0311 03285 01541 0.1660 0.3190 0.1789

Corn oil X Santoquin®0.2479 0.1786 02926 01138 03463 02072 03557 0.4151 0.3611

® ®Values within the same column with different superscripts differ significantly (P < 0.05).

A'B values within the same column with different superscripts differ significantly (P < 0.01).
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TABLE 7. Weight gain, feed intake and feed/gain ratio of broiler chicks fed
fresh or oxidized fat, Experiment 4

Weight gain Feed intake Feed/gain Liver
Fat Oxiban® Otol 12 0toZ2 Otol 102 002 Ol 1?2 02 weight MDA
wk wk  wk wk  wk wk wk wk  wk
(g/100 g (ng/ g liver
(ppm) (@) BW) weight)
Fresh 0 1085 2201 3290 1226 2821 4046 113 128 123 292 402

400 1140 2202 3342 1256 2829 4085 111 128 122 2.86 485
800 1088 2342 3429 1169 2971 4140 108 127 121 2.30 390
Oxidized 0 985 2165 3150 1144 2819 3963 117 130 1.26 3.30 387
400 1079 2256 3335 1231 2898 4129 114 129 124 3.21 417
00 1073 2210 3283 1211 2868 4079 114 130 124 236 542
Pooled SEM 238 641 11.00 531 877 1212 003 004 002 014 30.41

Main effect means \

Fat
Fresh 1105 2248 3354 1217 2874 4091 1.10% 128" 122" 302 428
Oxidized 1046 2210 3256 1195 2862 4057 1.15* 130" 1.25° 312  4i8
Oxiban®
0 ppm 103.7 2183 3320 1185 2820 4000 1.15° 129 124° 311 394
400 ppm 1109 2229 3339 1244 2864 4107 1.12°° 128 123° 303 451
800 ppm 1080 2276 3356 119.0 2920 4110 1.11* 128 123" 308 421
Probability
Fat 0.0616 0.27650.1046 04494 0.79810.6172 0.0011 0.00620.0001 0.3864  0.7873
Oxiban® 0.1760 0.09640.1334 0.1820 0.23220.3531 0.0332 0.65400.0143 0.8513  0.2031

Fat X Oxiban” 05130 0.09930.5516 0.2136 0.33280.7102 0.7035 0.22180.2465 0.0116  0.1289

“"Values within the same column with different superscripts differ significantly (P < 0.05).
A8 values within the same column with different superscripts differ significantly (P < 0.01).



TABLE 8. Weight gain, feed intake and feed/gain ratio of broiler chicks fed
fresh or oxidized fat, Experiment 5

Fat Oxiban®™ Lipase Weight gain Feed intake Feed/gain  Liver weight MDA
{ppm) (%6) {g) {g/100 g BW) (ng/g liver weight)
Fresh 0 0 305 435 143 3.74 356
0 0.1 312 441 1.42 3.74 338
400 0.1 311 441 142 3.60 357
400 0 309 435 142 3.66 384
Oxidized 0 0 285 422 1.44 3.66 513
0 0.1 304 430 1.42 3.46 462
400 0.1 300 426 142 3.67 600
400 0 277 423 154 3.58 677
PooledSEM 8.29 8.90 0.03 0.17 b7.83
Main effect means
Fat
Fresh 309° 4383 1.42 369 359"
Oxidized 297° 427 1.44 3.59 563"
Oxiban®
0 ppm 304 432 143 3.65 418
400 ppm 302 433 1.44 3.62 505
Lipase
0% 299 430 1.44 3.66 483
0.1% 307 435 142 3.62 440
Probability
Fat . 0.0375 0.0814 0.2362 0.4441 .0001
Oxiban® 0.7473 0.9037 0.5812 0.8341 0.0542
Lipase 0.1792 0.4752 0.2396 0.7272 (0.3343
Fat x Oxiban® 0.5302 09899  0.3326 0.4649 0.1543
Fat X Lipase 0.5303 0.7764 0.1877 0.9055 0.6370
Oxiban®x Lipase 0.9779 0.6216 0.4885 0.6403 0.8491
Fat X Oxiban®X Lipase 06750 06417 02381 0.4692 0.9208

AB Values within the same column with different superscripts differ significantly( P < 0.01).

In this study as the peroxide level increased, ethoxyquin supplementation
alleviated the deleterious effect of peroxide, especially when supplemented at
125 ppm level, although broilers fed diets containing 125 ppm ethoxyquin and
7 meg peroxide/kg feed exhibited similar feed efficiencies and weight gains to
broilers fed 125 ppm ethoxyquin alone. In the present experiments, peroxide
values (MDA value of 1284 ng/g fat in Experiment 1, 294 meg/kg in
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Experiment 4 and 251 meq/kg in Experiment 5) were lower than used in
some other experiments (Cabel et al, 1988, Ohshima et al, 1996). Thus low
rancidity of fat used in these study is thought to be associated with better
weight gain. Wang ef al. (1997) observed no differences in weight gain, feed
intake, and feed efficiency of birds fed oxidized fat with or without 125 ppm
ethoxyquin although birds fed fresh fat with or without ethoxyquin had a
higher weight gain, suggesting that rancidity of fat used was too high to elicit
the effect of ethoxyquin. Modern fats containing restaurant greases, therefore,
do not seem particularly susceptible to oxidation induced by holding at high
temperatures.

Feeding lhipase results in a numerical increase in weight gain, although the
effect was not significant. Poling et al. (1980) reported that supplementing
lipase to diets containing 4% tallow did not affect weight gain and feed
efficiency, although there was increased lipid absorption. Al-Marzooqi and
Leeson (1998) showed variable response to lipase mainly due to associated
effects of anorexia. Birds fed oxidized fat in Experiments 1 and 2 had heavier
livers compared to birds fed fresh fat, suggesting some toxic effect of oxidized
fat, but there were no differences among treatments in Experiments 4 and 5.
Corn o1l used for Experiments 2 and 5 had higher MDA values than did the
animal-vegetable fat blend used in Experiment 1. The MDA values of liver in
Experiments 2 and 5 were decreased by the antioxidants. Therefore, rancidity
of fat used in Experiment 1 seems to be insufficient to impair liver
peroxidation and Santoquin® can exert its effect at higher levels of rancidity.

Only birds fed oxidized fat in Experiment 5 showed higher liver MDA
values although rancidity of fat used in Experiment 5 was similar to that used
in Experiment 4. The result is thought to be associated with adaptation and
age of birds to oxidative stress because livers were collected at different times
after feeding for 17 d in Experiment 4, but only 10 d in Experiment 5. Faster
growth rate may therefore make birds susceptible to oxidative stress. In the
study of Izaki and Fujiward (1981) and Izaki et al. (1984) involving rats, when
thermally oxidized rapeseed oil was fed to rats for 13 wk, the relative liver
weight, relative kidney weight, liver peroxidation (TBA reactants), and
glutathione content increased significantly in proportion to the degree of
deterioration of the oils. Bailey et al. (1996) reported that when 500 and 1,000



ppm ethoxyquin in normal diets for cockerel were used, hver peroxidaﬁon
(TBARS wvalue) was decreased in both treatments compared to controls,
although there was no significant difference between the two levels of
ethoxyquin tested. They also reported that birds fed 1,000 ppm ethoxyquin had
a heavier relative liver than did birds fed 0, 125, and 500 ppm ethoxyquin in
the first experiment but there were no differences in liver weight of birds fed
500 and 1,000 ppm ethoxyquin in the second experiment in which diets were
especially enriched with carotenoids. The effect of ethoxyquin on liver size
therefore seems vanable.

In conclusion, feeding oxidized fat or oil can reduce performance of broiler
chicks and effectiveness of antioxidants depends upon the degree of rancidity
of fat. The addition of 100 to 250 ppm Santoquin® to diets containing oxidized
fat can alleviate deleterious effects of oxidized fat, while dietary lipase does

not seem to pose any additional problems.
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