506

Effects of Dietary Gum Phospholipid on Lipid Metabolism in Broiler Chicks

B. K. An*, C. W. Kang, H. Nishiyama’, T. Iwata’ and K. Tanaka’
Animal Rcsources Research Center, Konkuk University, 93-1 Mojin-Dong, Kwangjin-Gu, Seoul 143-701, Korea

ABSTRACT : This experiment was to determine the usefulness of gum safflower phospholipid as a feed ingredient. Forty
female broiter chicks were divided into four groups and fed experimental diets containing following fats and oils; beef
tallow (Tallow), the blend of safflower oil and palm oil (SP-oil), gum rapeseed phospholipid (Rap-PL), or gum safflower
phospholipid {Saf-PL) for 21days. There were no differences in growth performances among the treatments. Abdominal fat
weight tended to be reduced in the chicks fed phospholipids. The activity of hepatic aceryl-CoA carboxylase was
significantly reduced in the Rap-PL and Saf-PL as compared to that of Tallow. Feeding dietary phospholipids resulted in a
slight reduction in total fat and triglyceride contents in the breast and thigh muscles. In addition, total fat and triglyceride
contents in the thigh muscle were significanily decreased by dietary Saf-PL as compared to those of Tallow. These results
suggested that dietary gum phospholipids, either from rapeseed or safflower, had desirable effects of lowing abdominal and
muscle fats, and could be used as a feed ingredient for broiler diets. (Asian-Aus. J. Anim. Sci. 2000. Vol 13, No. 4 :

506-510)
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INTRODUCTION

Dictary phospholipids were reported to effectively
lower scrum  cholesterol levels in rats {Clark et al,
1981; Iwata et al, 1991; Iwata et al, 1992; limenes
ct al, 1990; O'Mullane and Hawthome, 1982).
Hypocholcsterolemic effects of the dietary phospholipid
may be attributed to decreased cholesterol secretion
from the liver, or to increased uptake of high density
lipoprotein into the liver (Murata et al., 1982), In a
previous study, we found that feeding safflower
phospholipid (either gum or purified type) to laying
hens significantly reduced liver total lipid and serum
cholcsterol levels, and suggested that crude safflower
phospholipid could be used as a feed ingredient for
laycr rations (An et al., 1997). Recently, the increased
fat accumulation in modern broiler chickens has
become a major concem for producers as well as
consumers. Moreover, the abdominal fat is a wasteful
byproduct to the poultry processor and cause problems
in wastc management of the plant. Dietary phospho-
lipids may be a valuable ingredient to reduce
abdominal fat pads in broiler chicks. ,

Phospholipids, mainly scybean lecithin, are widely
utilized not only as hypocholesterolemic agents but
also as additives in the food industry or for nonfood
applications (Van Nieuwenhuyzen, 1981). Gum phospho-
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lipid, which is a by-product of edible oil extraction,
contains about 50% neutral lipid. However, it is not
widely used at present. The objective of this study
was to evaluate the usefulness of gum phospholipids
as a feed ingredient for broilers.

MATERIALS AND METHODS

Day-old forty female broiler chicks (Chunky strain)
were weighed and divided into 4 groups. The broilers
were raised on the floor in a windowless house under
continuous lighting and rcom temperature of 32°C and
fed the commercial diet for 3 weeks. At 21 days of
age, the birds were divided into four groups of ten
birds each, and fed experimental diets containing
following fats and oils; beef tallow (Tallow), the blend
of safflower oil and palm oil (SP-0il), gurm rapeseed
phospholipid (Rap-PL), or gum safflower phospholipid
(Saf-PL). The composition of experimental diets is
presented in table 1. SP-oil, safflower oil ; palm oil
(8:2, volfvol), contains comparable amounts of linoleic
acid to that of safflower phospholipid. The
phospholipid fractions and fatty acid composition of
test fats and oils are given in table 2. Feed and water
were provided ad [libitum. The birds were weighed
individually on a weekly basis, and feed consumption
was recorded daily.

At 42 days of age, six chicks from each treatment
were killed by decapitation, and each tissue (abdominal
fat, liver, and breast and thigh muscles) was
immediately removed. An aliquot of liver was
homogenized in 025 M sucrose containing 1 mM
EDTA-2Na, and the liver homogenates were prepared
according to the method of Utter and Keech (1963).
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Tallow Sp-ail Rap-PL Saf-PL
Ingredients:
Com and fish meal 610 602 641 639
Soybean meal 202 220 134 140
Beef tallow 52
Safflower oil and palm oil (8:2) 52
Gum rapeseed phospholipid 52
Gum safflower phospholipid 52
Soyprotein 50 41 83 80
Sucrose 4 17 16
Calcium phosphate, dibasic 45 47 39 39
Calcium carbonate 23 24 20 20
Sodium chloride 6 6 6 6
Mineral mixture’ ' 0.5 0.5 0.5 0.5
Vitamin mixture’ 1 1 1 1
Choline chloride 1.5 1.5 1.5 1.5
DL-methionine 2.5 2.5 2.5 2.5
L-argininc, monohydrochloride 1.5 L5 1.5 1.5
L-lysine, monohydrochloride 1 1 1 1
Total 1,000 1,000 1,000 1,000
Calculated values:

ME (Ml/kg) 133 13.3 13.2 13.2
CP (%) 19.9 199 199 199
Ether extract (%) 7.7 7.7 7.8 7.8
Crude fiber (%) 23 24 20 2.0
Calcium (%) 2.3 2.4 2.0 2.0
Available phosphorus (%) 0.89 0.93 0.77 0.77
Linolcic acid (%) 1.4 4.4 2.9 4.8

phospholipid.

4, riboflavin, §;
cobalamin, 0.01; lactose, 926.

The liver homogenates were centrifuged at 6,000 g at
47 for 10 min and their supernatant fractions were
recenfrifuged at 105,000 g at 4°C for 60 min. The
resulting  supernatants (cytosolic fractions) were used
for assaying lipogenic enzymes. Acetyl-CoA carboxylase
(EC 6.4.1.2) activity was assayed by the H"“COy
fixation method (Qureshi et al, 1980). Fatty acid
synthctasc activity was assayed by the [“C]JCoA
incorporation mecthod (Hsu et al, 1965). The protein
content of the solutions was determined by the methed
of Lowry ct al. (1951), using bovine serum albumin
as a standard. Enzyme activity was expressed as
nanomeles of substrate converted to product per min
per mg of protein at 37°C.

The total lipids of the liver, serum and muscles
were  extracted by Folech et al (1957), and then
scparated to various lipid fractions by thin layer
chromatography on silica gel chromatorod. Each lipid
fraction was quantified by IATRO SCAN (TH-10

Abbreviation used: SP-oil, safflower oil and palm oil (8:2); Rap-PL, gum rapeseed phospholipid; Saf-PL, gum safflower

Supplied mg/kg of diet: maganese, 30; copper, 5; iodine, 1; zinc, 30; iron, 25; cobalt, 0.2.
Supplied mgfkg of diet: retinol palmitate, 14.44; cholecalciferot, 0.02; tacopherol, 20; menadione, 3; thiamin hydrochloride,
calcium pantothenate, 10; niacin, 12; pyridoxine hydrochloride, 4, bictin, 0.4; folic acid, 1; cyano-

TLC/FID analyzer, latron Ltd.).

The contents of moisture, crude protein and ether
extract were determined by the method of the AQAC
(1990;.

All data were statistically analyzed using ANOVA,
and significant differences among obtained means were
determined using Duncan’s multiple range test at the
5% probability level (Duncan, 1955).

RESULTS AND DISCUSSION

Growth performances were presented in table 3.
Body weight gain and feed consumption tended to be
higher in the chicks fed SP-oil diet. However, the
differences were not significant statistically. Feed
conversion ratio appeared to be improved in Rap-PL
as compared to those of other diet groups. Relative
liver weight in phospholipid diet groups were higher
than that in the others, among which Rap-PL group
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Table 2. Phospholipid fractions and fatty acid composition of dietary fats in experitnental diets’

Tallow Sp-oil Rap-PL Saf-PL

Phospholipid fractions (g/100g)

Phosphatidyicholine 16.5 12.2
Phosphatidyicthanolamine 7.8 83
Phosphatidylinositol 122 16.2
Phosphatidic acid 92 5.0
Lysophosphatidylcholine 10.7 2.7
Others 6.0 11.8
Neutral lipid 99.0 99.3 388 447
Fatty acid composition (g/100g)

Cl14.0 3.0 0.3 0.1
Cl16:0 26.5 12.8 9.1 14.9
C18:0 19.7 29 1.7 43
Cl8:1w9 476 21.1 48.7 10.7
Ci82wb 32 61.8 324 68.3
Cl83w3 0.3 7.8 0.2
C20:0 0.3 04 0.6
C20:1 w9 0.2 09 0.3
C22:0 0.3 0.3 0.5

phospholipid.

Abbreviation used: SP-oil, safflower oil and palm oil (8:2); Rap-PL, gum rapeseed phospholipid; Saf-PL, gum safflower

Table 3. Effects of dietary phospholipids on performance in female broilers'

Tallow Sp-oil Rap-PL Saf-PL Pooled SEM
Final body weight (g) 2,002 2,095 2,004 2,009 13
Daily feed consumption (g) 137 148 135 140
Feed/gain ratio 1.94 1.94 1.90 1.95
Liver weight (g/100 g BW) 1.84° 1.95% 2.10° 2.02*° 0.03
Abdominal fat weight (g/100 g BW) 2.46° 2.36° 1.81° 2.24* 0.09
Right breast meat weight (g/100 g BW) 6.26 6.03 6.57 6.33 0.08
Right thigh meat weight (/100 g BW) 6.99° 7.04° 7.36° 6.77° 0.07

abe

Values with different superscripts within a row differ significantly (p<0.05).

' Abbreviation used: SP-oil, safflower oil and palm oil (8:2); Rap-PL, gum rapeseed phospholipid; Saf-PL, gum safflower

phospholipid.
* Values are presented as means {(n=6, each group).

showed the highest value. Relative abdominal fat
weight tended to be lower in the chicks fed the
phospholipids. Especially, abdominal fat weight in
Rap-PL.  dict group was significantly reduced as
compared to that of Tallow group.

Tablc 4 shows the liver and plasma contents of
various lipid fractions and the activities of hepatic
lipogencsis rclated enzymes. The activity of hepatic
acctyl-CoA carboxylase (ACC) was reduced in the
Rap-PL and Saf-PL groups as compared to that of the
Tallow group. No significant differences in the fatty
acid synthctasc were observed among treatments. Ide
and Murata (1994), Ide et al. (19%2a, b, 19%4)
demonstrated  that  diets containing a  soybean
phospholipid or cgg yolk phospholipid compared to
thosc containing soybean oil or fat blend simulating
fatty acid composition of soybean phospholipid

profoundly reduces various parameters for triglyceride
synthesis such as the activities of enzymes in fatty
acid synthesis in rat liver homogenate and the rate of
incorporation of [1-"Clacetate in fatty acid in isolated
hepatocytes. In this study, liver triglyceride content
was not changed by phospholipids feeding regardless
of a decrease in hepatic ACC activity.

The present study wused gum phospholipids
containing high phosphatidylethanolamine (PE). It has
been demonstrated that ethanolamine moiety of dietary
PE is hydrolyzed in the small intestine and then
absorbed (Ikeda et al, 1987). Ethanolamine acts as a
precusor of PE in cells. The first step of this pathway
involves phosphorylation by a kinase that has a broad
specificity (i.e., it phosphorylates ethamolamine as well
as choline} (Porter and Kent, 1990). Porter and Kent
(1990) showed that ethanolamine/choline kinase is the
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Table 4. Effccts of dietary phospholipids on the activities of lipogenesis related enzymes and the contents of
various lipid fractions in the liver and serum in female broilers'”

Tallow Sp-oil Rap-PL Saf-PL Pooled SEM

Lipogencsis related enzyme (nmol/min/mg protein)

Acctyl-CoA carboxylase 2.51° 2.20" 1.44° 1.82° 0.20

Fatty acid synthetase 1.82 1.77 1.73 1.79 0.04
Liver (mg/g)

Triglyceride 9.97 21.93 16.94 21.21 1.89

Phospholipid 36.30" 31.73" 31.29° 31.12° 0.71

Cholesterol 3.46 3.42 351 330 0.04
Serum (mg/100ml)

Triglyceride 232" 15.8" 276 19.4° 1.5

Phospholipid 372 403 459 381 14

Cholcstcrol 112 113 109 101 1

"™ Values with different superscripts within a row differ significantly (p<0.05).
' Abbreviation used: SP-oil, safflower oil and palm oil (8:2); Rap-PL, gum rapeseed phospholipid; Saf-PL, gum safflower

phospholipid.
* Values are presented as means {n=6, each group).

Table 5. Effects of dietary phospholipids on the contents of moisture, crude protein, ether extract and various
sy - - . . . el
lipid fractions in the breast and thigh meats in female broilers'

Tallow Sp-oil Rap-PL Saf-PL  Pooled SEM
Brcast mcat
Moisture (g/100g) 74.5 74.6 74.8 74.6 0.1
Crude protein (g/100g) 21.7 22.1 21.8 219 0.1
Ether cxtract (g/100g) 0.5 0.5 0.5 0.4 0.0
Triglyceride (mg/g) 1.73 1.97 1.29 1.17 0.14
Phospholipid (mg/g) 225 2.72 2.61 2.52 0.11
Cholesterol (mg/g) 0.64 0.68™ 0.66® 0.70° 0.01
Thigh mcat
Moisture (g/100g) 74.5 74.3 747 74.8 0.1
Crude protein {g/100g) 185 18.1 17.8 18.5 0.1
Ether extract (g/100g) 4.7 4.7 42" 3.7" 0.1
Triglyceride (mg/g) 30.90° 30.39" 27.90° 21.18" 1.05
Phospholipid (mg/g) 12.50" 11.41" 12.42° 13.65" 0.33
Cholesterol (mg/g) 0.82" 0.99" 0.98" 0.94° 0.02

"' Values with different superscripts within a row differ significantly (p<0.05).

phosphelipid.
? Values are presented as means (n=6, each group).

samc cnzyme, and choline and ethanolamine were
mutually competitive inhibitor. Thus phosphorylation of
choline may bc diminished in the presence of high
cthanolamine concentration and less phosphorylation is
produced, leading to a relatively high synthesis of PE
versus phosphatidylcholine (PC). It is possible that
lower availability of newly synthesized PC would lead
to slower synthesis of very low density lipoprotein
(VLDL) (Yac and Vance, 1989). Liver triglyceride
content tended to be higher in chicks fed the gum
phospholipids as compared with those fed tallow,
regardicss of a decline of hepatic ACC activity. In
addition, chicks fed the gum phospholipids had lower

Abbreviation used; SP-oil, safflower oil and palm oil (8:2); Rap-PL, gum rapeseed phospholipid; Saf-PL, gum safflower

liver phospholipid levels as compared with those fed
the tallow. Furthermore, the gum safflower phospho-
lipid contained less proportion of PC than the gum
rapeseed phospholipid, and liver triglyceride content of
Saf-PL group tended to be lower and plasma tri-
glyceride concentration was significantly higher than
that of the Rap-PL diet group. Hence a PE/PC ratio
in dietary fats might be responsible for the VLDL
secretion from the liver in broiler chicks.

The contents of moisture, crude protein, ether
extract and various lipid fractions in breast and thigh
muscles are shown in table 5. Contents of moisture
and crude protein in breast and thigh meats were not
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affected by dictary treatments. Feeding of dietary
phospholipids resulted in a slight reduction in ether
cxtract and triglyceride contents in the breast and
thigh meats. In addition, there were significant
decreascs in ether extract and triglyceride contents in
the thigh by feeding Saf-PL. Muscle triglyceride
contents decreased in  the Saf-PL  group, although
plasma triglyceride levels were not affected by the
dietary treatment. This may be due to the decrease in
thc activity of lipoprotein lipase by which hydrolysis
is a prerequisite for the uptake of plasma lipoprotein
triglyceride into tissues. Phospholipid contents in the
thigh was greatest in chicks fed Saf-PL diet.
Cholesterol contents in the breast and thigh were least
for chicks fed Tallow diet. Therefore, it has been
suggested that the decrement in the proportion of
crude fat in the meat was attributed to the appreciably
morc reduction of ftriglyceride than the amount of
phosphoelipid and cholesterol increased.

This study demonstrated that hepatic ACC activity
was declined by dietary gum phospholipid, and gum
rapesced phospholipid feeding resulted in the decrease
in abdominal fat weights in broiler chicks. In addition,
feeding of gum safflower phospholipid resulted in a
decrease in fat contents of poultry carcasses. These
findings indicated that the gum rtapeseed andfor
safflower phospholipids, a by-product of edible oil
cxtraction, could be used as a feed ingredient for
broiler diet.

ACKNOWLEDGMENTS

Authors would like te thank Mr. S. Shimada and
Miss M. Murase for providing technical assistance.

REFERENCES

An, B. K., H. Nishiyama, K. Tanaka, S. Ohtani, T. Iwata,
K. Tsutsumi and M. Kasai. 1997, Dietary safflower
phospholipid reduces liver lipids in laying hens, Poultry
Sei. 76:689-695,

AOQAC. 1990. Official Methods of Analysis of the
Association of Official Analytical Chemists (15th Ed.).
Association Official  Agriculture Chemists. Washington,
DC, USA.

Clark, S. B,, V. E. Clark and D. M. Small. 1981. Effects of
lecithin ingestion on plasma and lymph lipoproteins of
normo- and hyperlipemic rats. Am. J. Physiol. 241:422-
430.

Duncan, D. B. 1955. Multiple range and multiple F tests.
Biometric. |1:1-42.

Folch, J., M. Lee and G. H. Sloane-Stanley. 1957. A simple
method for the isolation and purification of total lipids
trom animal tissue. J. Biol. Chem. 226:497-509.

Hsu, R. Y., G. Wasson and J. W. Porter. 1965. The
purification and properties of fatty acid synthetase of

pigeen liver. J. Biol. Chem. 240:3736-3746.

Ide, T. and M. Murata. 1994. Depressions by dietary
phospholipids of soybean and egg yolk origins of hepatic
triacyglycerol and fatty acid synthesis in fasted-refed rats.
Annals Nutr. Metabolism. 38:340-348,

Ide, T., M. Murata and M. Moriuchi. 1992a. Microsomal
triacylglycerol synthesis and diacylglycerol concentration
in the liver of rats fed with soybean and egg yolk
phosphelipids. Biosci. Biotech., Biochem. 56:732-735.

Ide, T., M. Murata and Y. Sunda. 1994, Triacylglycerol and
fatty acid synthesis in hepatocytes in suspension isolated
from rats fed soybean phospholipid. Biosci. Biotech.
Biochem. 58:699-702. '

Ide, T., S. Hirabayashi, S. Kato and M. Sugano. 1992b.
Soybean phospholipid dependent reductions in triacyl-
glycerol concentration and synthesis in the liver of
fasted-refed rats. Biochim. Biophys. Acta. 1124:163-170.

Ikeda, L., K. Imaizumi and M. Sugano. 1987. Absorption and
transport of base moieties of phosphatidylcholine and
phosphatidylethanolamine in rats. Biochim. Biophys. Acta.
921:245-253.

Iwata, T, S. Hoshi, K. Tsutsumi, Y. Furukawa and S.
Kimura. 1991. Effect of dietary safflower phospholipid
on plsama and liver lipids in rats fed hyper-
cholesterolemic diet. J. Nutr. Sci. Vitaminel. 37:591-600.

Iwata, T., F. Takehisa, K. Tsutsumi, Y. Furukawa and S.
Kimura. 1992, The effects of dietary safflower
phospholipid and soybean phospholipid on plasma and
liver lipids in rat fed a hypercholesterolemic diet. J.
Nutr. Sci. Vitaminol. 38:471-479,

Jimenes, M. A, M. L. Scarino, F. Vignolini and E.
Mengheri. 1990. Evidence that polyunsaturated lecithin
induces a reduction in plasma cholesterol level and
favorable changes in lipoprotein composition in hyper-
cholesterolemic rats. J. Nutr. 120:659-667.

Lowry, O. H, N. I Rosebrough, A. L Farr and R. J.
Randall. 1951, Protein measurement with the Folin
phenol regent. J. Biol. Chem. 193:265-275.

Murata, M., K. Imaizumi and M. Sugano. 1982. Effect of
dietary phospholipids and their constituent bases on
serum lipids and apolipoproteins in rats. J. Nutr. 112:
1805-1808.

OMullane, Y. E. and J. N. Hawthome, 1982, A comparison
of the effects of feeding linoleic acid-rich lecithin or
com oil on cholesterol absorption and metabolism in the
rat. Atherosclerosis. 45:81-90,

Porter, T. J. and C. Kent. 1990. Purifiaction and characteri-
zation of choline/ethanclamine kinase from rat liver. I
Biol. Chem. 265:414-422,

Qureshi, A. A., W. C. Burger, N. Prentice, H. R. Bird and
M. L. Sunde, 1980. Regulation of lipid metabolism in
chicken liver by dietary cereals. J. Nutr. 110:388-393.

Utter, M. F. and D. B. Keech. 1963. Pyruvate carboxylase.
1. Nature of the reaction. J. Biol. Chem. 238:2603-2608.

Van Nieuwenhuyzen, W. 1981. The industrial uses of special
lecithin: A review. J. Am. Oil Chem, Soc. 58: 886-888

Yao, Z. and D. E. Vance. 1989. Head group specificity in
the requirement of phosphatidylcholine biosynthesis for
very low density lipoprotein secretion from cultured
hepatocytes. I. Biol. Chem. 264:11373-11380.



