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Abstract
This experiment was conducted to investigate the effects of dietary supplemen-
tation with different oils on liver production performance, fat deposition, slaugh-
ter performance, serum indices, and liver fatty acid composition in Landes geese
during the force-feeding period. Eighty 70-day-old female Landes geese with a
body weight of (3.0±0.1) kg were randomly divided into 4 groups, with 4 repli-
cates per group and 5 geese per replicate. The goose fat group served as the
control group, with 2% goose fat added to the diet; the beef tallow, fish oil,
and rapeseed oil groups were experimental groups, with 2% beef tallow, fish oil,
and rapeseed oil added to the diet, respectively. The preliminary feeding period
lasted 7 days, and the force-feeding period lasted 20 days. The results showed:
1) Liver weight in both the rapeseed oil and beef tallow groups was significantly
higher than that in the fish oil group (P<0.05), and the liver-to-body ratio in
the beef tallow group was significantly higher than that in the goose fat group
(P<0.05). Live weight and eviscerated carcass weight in the rapeseed oil and
goose fat groups were significantly higher than those in the beef tallow and fish
oil groups (P<0.05). 2) Serum triglyceride (TG), low-density lipoprotein (LDL),
and very low-density lipoprotein (VLDL) contents in the fish oil group were sig-
nificantly lower than those in the goose fat group (P<0.05); serum LDL content
in the rapeseed oil group was significantly lower than that in the goose fat group
(P<0.05), and its serum total cholesterol (TC) content was significantly lower
than that in the beef tallow group (P<0.05); serum high-density lipoprotein
(HDL) content in the beef tallow group was significantly higher than that in the
goose fat group (P<0.05); serum alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) activities in the beef tallow, fish oil, and rapeseed
oil groups were reduced to varying degrees compared with the goose fat group,
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but the differences were not significant (P>0.05). 3) Compared with goose fat
supplementation, fish oil supplementation significantly reduced total saturated
fatty acid (SFA) content in the liver (P<0.05), and significantly increased unsat-
urated fatty acid (UFA) C16:1, C17:1, C18:1n-9, C18:2n-6, C18:3n-3, C20:1n-9,
C20:4n-6, C20:5n-3, C22:1n-9, C22:5n-3, C22:6n-3, C24:1n-9, and total UFA
contents in the liver (P<0.05); rapeseed oil supplementation significantly re-
duced total SFA content in the liver (P<0.05), and significantly increased UFA
C16:1, C18:1n-9, C18:2n-6, C20:2, C22:1n-9, and total UFA contents in the liver
(P<0.05); beef tallow supplementation significantly increased C18:3n-3, C20:5n-
3, C22:5n-3, C22:6n-3, and total polyunsaturated fatty acid (PUFA) contents
(P<0.05). It was concluded that compared with goose fat supplementation, di-
etary supplementation with rapeseed oil or beef tallow resulted in better liver
production performance in force-fed Landes geese; fish oil and rapeseed oil sup-
plementation increased PUFA content and reduced serum lipid content in the
liver of force-fed Landes geese.
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Abstract

This experiment was conducted to investigate the effects of dietary supplemen-
tation with different oils on liver performance, fat deposition, slaughter per-
formance, serum parameters, and liver fatty acid composition of Landes geese
during the overfeeding period. Eighty 70-day-old healthy female Landes geese
with body weight of (3.0±0.1) kg were randomly allocated into four groups, each
consisting of four replicates with five geese per replicate. The goose fat group
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served as the control, receiving a diet supplemented with 2% goose fat, while the
beef tallow, fish oil, and rapeseed oil groups were experimental groups receiving
diets supplemented with 2% beef tallow, fish oil, and rapeseed oil, respectively.
The experiment included a 7-day pre-trial period followed by a 20-day over-
feeding period. The results showed: (1) Both the rapeseed oil and beef tallow
groups exhibited significantly higher liver weight compared to the fish oil group
(P<0.05), while the beef tallow group showed significantly higher liver weight to
body weight ratio than the goose fat group (P<0.05). The live weight and evis-
cerated weight of the rapeseed oil and goose fat groups were significantly higher
than those of the beef tallow and fish oil groups (P<0.05). (2) The fish oil group
demonstrated significantly lower serum triglyceride (TG), low-density lipopro-
tein (LDL), and very low-density lipoprotein (VLDL) contents compared to the
goose fat group (P<0.05). The rapeseed oil group showed significantly lower
serum LDL content than the goose fat group (P<0.05) and significantly lower
serum total cholesterol (TC) content than the beef tallow group (P<0.05). The
beef tallow group exhibited significantly higher serum high-density lipoprotein
(HDL) content than the goose fat group (P<0.05). Serum alanine transaminase
(ALT) and aspartate aminotransferase (AST) activities in the beef tallow, fish
oil, and rapeseed oil groups were numerically lower than those in the goose
fat group, though the differences were not significant (P>0.05). (3) Compared
with goose fat supplementation, fish oil supplementation significantly reduced
total saturated fatty acids (SFA) content in the liver (P<0.05) and significantly
increased contents of unsaturated fatty acids (UFA) including C16:1, C17:1,
C18:1n-9, C18:2n-6, C18:3n-3, C20:1n-9, C20:4n-6, C20:5n-3, C22:1n-9, C22:5n-
3, C22:6n-3, C24:1n-9, and total UFA (P<0.05). Rapeseed oil supplementation
significantly reduced total SFA content in the liver (P<0.05) and significantly in-
creased contents of UFA C16:1, C18:1n-9, C18:2n-6, C20:2, C22:1n-9, and total
UFA (P<0.05). Beef tallow supplementation significantly increased contents of
C18:3n-3, C20:5n-3, C22:5n-3, C22:6n-3, and total polyunsaturated fatty acids
(PUFA) (P<0.05). It is concluded that compared with goose fat, dietary supple-
mentation with rapeseed oil or beef tallow resulted in better liver performance
in overfed Landes geese, while supplementation with fish oil and rapeseed oil
increased liver PUFA content and reduced serum lipid levels.

Keywords: oil; Landes goose; overfeeding; fat deposition; serum parameters;
fatty acid composition

Introduction
Lipids play a crucial role in dietary formulations by providing high levels of
energy and essential fatty acids [1]. The health benefits of polyunsaturated
fatty acids (PUFA) have garnered increasing attention. Previous studies have
demonstrated that the fatty acid composition of meat and eggs largely reflects
dietary lipid sources [2-3], and that PUFA can reduce serum lipid levels and
modify fatty acid composition in animal tissues [4-5]. Research has shown that
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dietary supplementation with vegetable oils and fish oil can effectively increase
n-3 PUFA content in pork [6], chicken [7-8], and eggs [9-10]. Zhang et al. [11]
reported that different oils added to overfeeding diets significantly altered liver
composition in Landes geese. Modifying fatty acid composition to favor higher
n-3 PUFA over n-6 PUFA and/or saturated fatty acids (SFA) offers desirable
health benefits.

Goose fatty liver (foie gras) possesses exceptional nutritional value and unique
health-promoting properties, making it highly favored by consumers. During
foie gras production, appropriate dietary oil supplementation serves dual pur-
poses: it acts as a lubricant to prevent esophageal injury while simultaneously
elevating energy levels to improve utilization efficiency of dietary energy and
nutrients [12], thereby accelerating fatty liver formation. Traditional foie gras
production typically employs animal-derived fats, with goose fat being rich in
SFA, raising health concerns. Fish oil is an important source of unsaturated
fatty acids (UFA), rich in n-3 PUFA such as C18:3n-3 [�-linolenic acid (ALA)],
C20:5n-3 [eicosapentaenoic acid (EPA)], and C22:6n-3 [docosahexaenoic acid
(DHA)] [13], while rapeseed oil contains substantial C18:1n-6 [oleic acid (OA)]
[14]. Studies have found that dietary fish oil and rapeseed oil not only enhance
animal performance but also enrich PUFA content in livestock and poultry
products [14-15]. However, the efficacy of PUFA in goose fatty liver remains
inadequately investigated, and reports on how different oils affect liver perfor-
mance are inconsistent, possibly due to variations in fatty acid composition and
ratios among added oils. Therefore, this experiment was designed to compare
the effects of goose fat, beef tallow, fish oil, and rapeseed oil on production per-
formance, serum parameters, and liver fatty acid composition in Landes geese
under isoenergetic overfeeding conditions, providing a theoretical basis for opti-
mizing dietary formulation techniques for liver-producing geese to improve their
physiological status, modify liver fatty acid distribution, and produce nutrition-
ally desirable foie gras.

Materials and Methods
1.1 Experimental Animals

Experimental Landes geese were provided by Changxing Rongyao Goose Indus-
try Co., Ltd. in Huzhou City, Zhejiang Province. The geese were raised under
natural lighting conditions with free access to feed and water until 70 days of
age.

1.2 Experimental Design

Eighty healthy female Landes geese with similar body weight [(3.0±0.1) kg] were
randomly divided into four groups, each comprising four replicates with five
geese per replicate. The goose fat group served as the control, receiving a basal
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diet supplemented with 2% goose fat. The beef tallow, fish oil, and rapeseed oil
groups were experimental groups receiving basal diets supplemented with 2%
beef tallow, fish oil, and rapeseed oil, respectively.

1.3 Feeding Management

Geese were housed in net-floor pens for overfeeding in small groups. Prior to
the pre-feeding period, deworming of experimental geese and disinfection of pens
and feeding equipment were completed. Clean drinking water was provided ad
libitum, and manure was removed promptly to maintain pen hygiene. During
the overfeeding period, the health status of geese was monitored closely.

Corn served as the primary feed ingredient. Screened corn kernels were soaked
in water for over 3 hours, boiled for approximately 20 minutes, drained, and then
mixed while hot with 2.0% oil, 0.5% salt, and vitamin-mineral premix powder.
The mixture was cooled before use. All experimental diets were identical except
for the oil source; diet composition is presented in Table 1 . The feeding regimen
began with a 7-day pre-trial period followed by a 20-day overfeeding period, with
gradually increasing feeding frequency and amounts. During days 1-2, geese
were fed 2-3 times daily at 100-150 g per feeding; days 3-7, 3-4 times daily at
250 g per feeding; and days 8-27, 5-6 times daily at 300 g per feeding.

Table 1 Diet composition (as-fed basis) %

Items Corn Oil NaCl Vitamins
Goose fat group 97.0 2.0 0.5 0.5
Beef tallow group 97.0 2.0 0.5 0.5
Fish oil group 97.0 2.0 0.5 0.5
Rapeseed oil group 97.0 2.0 0.5 0.5

Vitamins provided the following per kg of diet: VA 4,000 IU, VD� 600 IU, VK�
0.1 mg, VB� 0.06 mg, VB� 0.6 mg, VB� 0.06 mg, VC 2.6 mg, nicotinamide 0.6
mg, D-calcium pantothenate 0.4 mg, folic acid 0.04 mg.

1.4 Measurement Indicators and Methods

At the end of the overfeeding period, all geese were fasted for 8 hours (with free
access to water). One to two geese from each replicate (five geese per group)
were selected for slaughter and sample collection. Live weight, carcass weight,
liver weight, abdominal fat weight, intestinal fat weight, and eviscerated weight
were measured. Average feed intake per goose was calculated based on group
consumption during the overfeeding period. The following parameters were
calculated according to the“Poultry Production Performance Terminology and
Measurement Methods”[16] (NY/T 823-2004) for geese:

• Abdominal fat percentage (%) = 100 × abdominal fat weight / (eviscer-
ated weight + abdominal fat weight)
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• Intestinal fat percentage (%) = 100 × intestinal fat weight / (eviscerated
weight + intestinal fat weight)

• Eviscerated yield (%) = 100 × eviscerated weight / live weight
• Feed-to-liver ratio = average feed intake per goose / liver weight
• Liver-to-body weight ratio (%) = 100 × liver weight / carcass weight

Blood samples were collected into 50 mL tubes without anticoagulant, al-
lowed to stand at room temperature (25°C) for 2 hours, then centrifuged
at 4,000×g for 15 minutes at 4°C to separate serum, which was stored at
-20°C. Serum triglyceride (TG) and total cholesterol (TC) contents were
determined using glycerol-3-phosphate oxidase-p-aminophenol and cholesterol
oxidase-p-aminophenol methods, respectively. High-density lipoprotein (HDL),
low-density lipoprotein (LDL), and very low-density lipoprotein (VLDL)
contents were measured by direct assay. Alanine transaminase (ALT) and
aspartate aminotransferase (AST) activities were determined by Reitman-
Frankel colorimetric methods. All serum parameters were measured using
corresponding kits from Nanjing Jiancheng Bioengineering Institute.

Fatty acid composition of different oils and liver samples was determined by
gas chromatography. Lipids were extracted from oils and liver tissue using the
chloroform/method reported by Folch et al. [17]. Fatty acid methyl esters were
prepared using boron trifluoride-methanol according to Morrison et al. [18], then
analyzed on an HP-5MS column (30 m × 0.25 mm × 0.2 �m) using a gas chro-
matograph (6890, Agilent Technologies, Santa Clara, CA, USA). The average
standard error for all fatty acid measurements was below 5%. Liver crude fat
content was determined by Soxhlet extraction according to GB/T 14772-2008
“Determination of crude fat in foods.”Liver total cholesterol was measured us-
ing an Agilent GC-7960II gas chromatograph: liver tissue was saponified with
potassium hydroxide and anhydrous ethanol at 85-95°C for 1 hour, extracted
with ether, layered, dried with anhydrous sodium sulfate, evaporated under ni-
trogen, then mixed with anhydrous ethanol and allowed to stand for 15 minutes
before measurement.

1.5 Statistical Analysis

Experimental data were preprocessed using Excel 2010 and expressed as mean
± standard error (mean±SE). One-way ANOVA in SPSS 20.0 statistical soft-
ware was used for statistical analysis. Differences were considered significant at
P<0.05, and LSD test was used for multiple comparisons among groups.

Results
2.1 Fatty Acid Composition of Different Oils

As shown in Table 2 , rapeseed oil contained abundant n-6 PUFA (52.38%
C18:2n-6), while fish oil contained 28.77% n-3 PUFA (C18:3n-3, C20:5n-3,
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C22:5n-3, and C22:6n-3), making both oils highly unsaturated. In contrast,
beef tallow and goose fat contained higher proportions of SFA compared to
fish oil and rapeseed oil. Additionally, goose fat had the highest content of
monounsaturated fatty acids (MUFA).

Table 2 Fatty acid composition of different oils (percentage of total fatty acids)
%

Fatty acids Goose fat Beef tallow Fish oil Rapeseed oil
C14:0 0.25 1.16 2.18 0.10
C15:0 0.03 0.14 0.02 0.03
C16:0 24.04 23.48 21.50 4.36
C17:0 0.19 0.21 0.17 0.15
C18:0 21.43 21.63 18.31 1.81
C20:0 0.40 0.49 0.51 0.53
C22:0 0.01 0.02 0.01 0.01
C15:1 0.01 0.01 0.01 0.01
C16:1n-7 2.18 2.01 3.10 1.92
C17:1 0.35 0.42 0.46 0.37
C18:1n-9 49.48 49.06 44.64 47.12
C18:1n-6 1.16 1.12 1.15 1.14
C20:1n-9 1.84 2.87 2.71 2.71
C22:1n-9 0.25 0.30 0.25 0.25
C24:1n-9 0.01 0.01 0.01 0.01
ΣMUFA 49.48 49.06 44.64 47.12
C18:2n-6 1.83 1.95 2.39 52.38
C18:3n-3 0.25 0.14 0.15 6.70
C20:2 0.10 0.03 0.03 0.02
C20:4n-6 0.01 0.01 0.02 0.01
C20:5n-3 0.01 0.01 7.22 0.01
C22:3n-6 0.02 0.02 0.02 0.02
C22:5n-3 0.03 0.04 1.47 0.16
C22:6n-3 0.02 0.03 1.48 0.01
ΣPUFA 1.83 1.95 2.39 52.38

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyun-
saturated fatty acids; UFA: unsaturated fatty acids. The same as below in Table
6 .

2.2 Effects of Different Oils on Liver Performance and Fat Deposition
in Overfed Landes Geese

As presented in Table 3 , the fish oil group exhibited the lowest liver weight,
which was significantly lower than that of the beef tallow and rapeseed oil groups
(P<0.05). The goose fat group ranked second, with liver weights 125 g and 127
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g lower than the beef tallow and rapeseed oil groups, respectively, though these
differences were not significant (P>0.05). The liver-to-body weight ratios in the
beef tallow, fish oil, and rapeseed oil groups were all higher than in the goose
fat group, with the beef tallow group being significantly higher (P<0.05). The
feed-to-liver ratios in the beef tallow and rapeseed oil groups were lower than
in the goose fat and fish oil groups, but no significant differences were observed
among groups (P>0.05). The beef tallow group showed lower abdominal fat
weight and percentage compared to other groups, while the rapeseed oil group
had higher abdominal and intestinal fat weights, though these differences were
not significant (P>0.05).

Table 3 Effects of different oils on fatty liver performance and fat deposition
of Landes geese in overfeeding phase (n=5)

Items
Goose fat
group

Beef tallow
group Fish oil group

Rapeseed oil
group

Liver
weight/g

807.26±71.95ab 932.68±38.81a 773.04±92.46b 934.62±61.37a

Liver
weight
to
body
weight
ra-
tio/%

11.91±1.12b 15.54±0.78a 13.33±1.28ab 13.89±1.04ab

Feed
in-
take/liver
weight

27.44±1.98 24.19±1.05 28.67±3.84 23.38±1.51

Abdominal
fat
weight/g

422.16±29.77 375.16±10.64 388.00±8.45 434.40±29.37

Percentage
of ab-
domi-
nal
fat/%

8.56±0.51 8.54±0.19 8.98±0.37 8.59±0.41

Intestinal
fat
weight/g

287.04±23.93 284.64±7.49 263.36±15.96 293.00±22.75

Percentage
of in-
testi-
nal
fat/%

5.97±0.42 6.63±0.23 6.26±0.35 5.99±0.45
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In the same row, values with no letter or the same letter superscripts indicate
no significant difference (P>0.05), while different lowercase letters indicate sig-
nificant difference (P<0.05). The same as below.

2.3 Effects of Different Oils on Slaughter Performance of Overfed
Landes Geese

Table 4 shows that the rapeseed oil and goose fat groups had significantly higher
live weight and eviscerated weight compared to the beef tallow and fish oil groups
(P<0.05). The goose fat group achieved the highest eviscerated yield, though
no significant differences were observed among groups (P>0.05).

Table 4 Effects of different oils on slaughter performance of Landes geese in
overfeeding phase (n=5)

Items
Goose fat
group

Beef tallow
group Fish oil group

Rapeseed oil
group

Live
weight/kg

6.77±0.07a 6.35±0.08b 6.06±0.17b 7.09±0.14a

Eviscerated
weight/kg

4.50±0.06a 4.02±0.11b 3.95±0.12b 4.61±0.16a

Percentage
of
evis-
cer-
ated
yield/%

66.45±1.04 63.73±1.72 65.20±1.25 64.90±1.42

2.4 Effects of Different Oils on Serum Parameters of Overfed Landes
Geese

As shown in Table 5 , the goose fat group exhibited relatively high serum TG,
TC, LDL, and VLDL contents along with low serum HDL content. Compared
to the goose fat group, the fish oil group showed significantly reduced serum TG,
LDL, and VLDL contents (P<0.05), while the rapeseed oil group demonstrated
significantly lower serum LDL content (P<0.05). The goose fat group had lower
serum HDL content than other groups, with the beef tallow group showing a
significant difference (P<0.05). Serum ALT and AST activities in the beef
tallow, fish oil, and rapeseed oil groups were numerically lower than in the
goose fat group, but the differences were not significant (P>0.05). Additionally,
the rapeseed oil group exhibited significantly lower serum TC content than the
beef tallow group (P<0.05).

Table 5 Effects of different oils on serum parameters of Landes geese in over-
feeding phase (n=5)
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Items
Goose fat
group

Beef tallow
group Fish oil group

Rapeseed oil
group

TG/(mmol/L)4.85±0.64a 4.43±0.50a 2.70±0.19b 3.62±0.38ab
TC/(mmol/L)12.19±0.85ab 13.73±1.03a 11.26±0.99ab 10.29±1.34b
HDL/(mmol/L)5.95±1.32b 9.29±0.77a 7.96±0.55ab 6.70±0.92ab
LDL/(mmol/L)2.54±0.14a 2.87±0.20a 1.81±0.19b 1.81±0.14b
VLDL/(nmol/mL)322.64±25.92a 286.97±26.31ab 261.81±10.49b 299.05±29.60ab
ALT/(U/L)30.89±5.68 20.87±3.95 21.82±3.04 25.05±3.07
AST/(U/L)23.68±5.45 20.94±4.47 19.13±2.25 19.56±3.00

2.5 Effects of Different Oils on Liver Fatty Acid Composition of
Overfed Landes Geese

Table 6 reveals that the goose fat group had relatively high C14:0 and C16:0
contents in the liver, while the beef tallow group showed higher C18:0, C18:3n-3,
C20:1n-9, and C22:5n-6 contents. Compared with goose fat supplementation,
fish oil supplementation significantly reduced hepatic SFA contents including
C14:0, C16:0, C18:0, and total SFA (P<0.05), while significantly increasing
hepatic UFA contents including C16:1, C17:1, C18:1n-9, C18:2n-6, C18:3n-3,
C20:1n-9, C20:4n-6, C20:5n-3, C22:1n-9, C22:5n-3, C22:6n-3, C24:1n-9, and
total UFA (P<0.05). Rapeseed oil supplementation significantly reduced hepatic
SFA contents including C14:0, C15:0, C16:0, C18:0, and total SFA (P<0.05),
while significantly increasing hepatic UFA contents including C16:1, C18:1n-
9, C18:2n-6, C20:2, C22:1n-9, and total UFA (P<0.05). Compared with the
goose fat group, the beef tallow group showed no significant differences in total
SFA and total UFA contents (P>0.05), but significantly increased contents of
C18:3n-3, C20:5n-3, C22:5n-3, C22:6n-3, and total PUFA (P<0.05).

Table 6 Effects of different oils on fatty acid composition in liver of Landes
geese in overfeeding phase (percentage of total fatty acids, n=5) %

Fatty
acids

Goose fat
group

Beef tallow
group

Fish oil
group

Rapeseed oil
group

C14:0 1.24±0.03a 1.23±0.01a 1.05±0.02b 1.08±0.02b
C15:0 0.19±0.01ab 0.21±0.01a 0.17±0.01b 0.19±0.01ab
C16:0 24.04±0.04a 23.48±0.15b 21.50±0.04c 23.45±0.05b
C17:0 0.40±0.01b 0.49±0.02a 0.51±0.01a 0.53±0.01a
C18:0 21.43±0.14a 21.63±0.15a 18.31±0.19c 19.94±0.11b
C20:0 0.01±0.00b 0.02±0.00a 0.01±0.00b 0.01±0.00b
C15:1 0.01±0.00b 0.01±0.00b 0.02±0.00a 0.01±0.00b
C16:1 2.18±0.02b 2.01±0.02c 3.10±0.03a 1.92±0.02d
C17:1 0.35±0.01c 0.42±0.02b 0.46±0.01a 0.37±0.01c
C18:1n-9 49.48±0.16a 49.06±0.18a 44.64±0.21c 47.12±0.12b
C20:1n-9 1.84±0.04c 2.87±0.05b 2.71±0.04b 2.71±0.04b

chinarxiv.org/items/chinaxiv-201812.00358 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00358


Fatty
acids

Goose fat
group

Beef tallow
group

Fish oil
group

Rapeseed oil
group

C22:1n-9 0.25±0.01c 0.30±0.01b 0.25±0.01c 0.25±0.01c
C24:1n-9 0.01±0.00b 0.01±0.00b 0.02±0.00a 0.01±0.00b
C18:2n-6 1.83±0.03d 1.95±0.03c 2.39±0.03a 2.10±0.04b
C18:3n-3 0.25±0.01c 0.14±0.01b 0.15±0.01b 0.21±0.01a
C20:2 0.10±0.00b 0.03±0.00 0.03±0.00 0.02±0.00
C20:3 0.05±0.02 0.03±0.00 0.03±0.00 0.15±0.01b
C20:4n-6 0.16±0.01b 0.17±0.01b 0.28±0.01a 0.17±0.01b
C20:5n-3 0.02±0.00c 0.03±0.00b 0.07±0.00a 0.02±0.00c
C22:3n-6 0.03±0.00 0.02±0.00 0.02±0.00 0.01±0.00c
C22:5n-3 0.02±0.00b 0.04±0.00a 0.04±0.00a 0.02±0.00b
C22:6n-3 0.02±0.00c 0.03±0.00b 0.06±0.00a 0.02±0.00c
ΣMUFA 48.69±0.15c 48.99±0.17c 52.96±0.22a 50.77±0.08b
ΣPUFA 1.83±0.03d 1.95±0.03c 2.39±0.03a 2.10±0.04b
ΣUFA 50.52±0.17c 50.94±0.18c 55.35±0.22a 52.87±0.12b

2.6 Effects of Different Oils on Liver TC and Crude Fat Content in
Overfed Landes Geese

Table 7 indicates that the fish oil group had significantly lower liver TC content
than the beef tallow group (P<0.05), while no significant differences in crude
fat content were observed among groups (P>0.05). Total liver fat content did
not differ significantly among groups (P>0.05).

Table 7 Effects of different oils on liver TC and crude fat contents of Landes
geese in overfeeding phase (n=5)

Items
Goose fat
group

Beef tallow
group Fish oil group

Rapeseed oil
group

Total
choles-
terol
TC

4.36±0.06ab 4.50±0.06a 4.29±0.08b 4.37±0.02ab

Crude
fat
CF

7.90±0.09 7.90±0.16 7.94±0.12 7.96±0.11

Discussion
3.1 Effects of Different Oils on Liver Performance and Fat Deposition

Oils provide essential nutritional functions for poultry beyond their thermogenic
effects, supplying essential fatty acids—particularly linoleic acid (C18:2n-6) and
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linolenic acid (C18:3n-3) that cannot be synthesized in animal tissues [19]. Re-
search indicates that poultry utilize unsaturated fatty acids (UFA) more effi-
ciently than saturated fatty acids (SFA), with the metabolizable energy value
of oils increasing with higher contents of unsaturated long-chain fatty acids and
free fatty acids, while decreasing with higher saturated long-chain fatty acid con-
tents [20]. Among vegetable oils, rapeseed oil is particularly rich in UFA [21].
To improve dietary energy and oil utilization efficiency, this experiment supple-
mented different oils in the diet. The results demonstrated that the rapeseed oil
and beef tallow groups achieved superior liver performance, while the goose fat
and fish oil groups showed inferior performance. Bao et al. [22] reported that in
foie gras production, dietary vegetable oil (rapeseed oil) yielded slightly greater
average liver weight than animal fat (lard), though the difference was not sig-
nificant. Xu [23] found that feeding vegetable oils rich in MUFA increased liver
weight in Cherry Valley ducks, consistent with our results. These findings sug-
gest that geese utilize different oils differently, likely due to their distinct fatty
acid compositions. Rapeseed oil’s high UFA content and beef tallow’s high
SFA content both promoted substantial fat deposition in the liver, whereas fish
oil’s distinctive fishy odor and susceptibility of its PUFA to �-oxidation may
have impaired digestion and absorption. Therefore, Landes geese demonstrated
higher utilization efficiency for rapeseed oil and beef tallow, thereby enhancing
dietary energy utilization and overfeeding efficacy.

In this experiment, abdominal fat percentage was minimally affected by oil type,
with no significant differences among treatments—consistent with previous find-
ings that abdominal fat deposition is not influenced by fat type [24-26]. Edwards
et al. [27] reported that chickens fed high-fat diets had slightly higher carcass
fat content than controls, though differences were not significant, possibly be-
cause increased net energy in high-fat diets expanded the energy-to-protein ra-
tio. Thus, when dietary fat and energy increase, dietary PUFA does not further
promote abdominal fat deposition.

3.2 Effects of Different Oils on Slaughter Performance

Oils exert special energy effects in poultry diets, synergizing with other nutrients
to enhance the utilization efficiency of energy from other dietary components,
thereby increasing the metabolizable energy value of oils beyond their gross en-
ergy content and improving poultry performance [20]. Most studies indicate
that poultry absorb vegetable oils more efficiently than animal oils, except for
fish oil. An [28] reported that in broilers, feed-to-gain ratio was significantly
lower in groups fed palm oil-based or coconut oil-based blended fats compared
to lard, with no significant differences from soybean oil. Cai et al. [29] demon-
strated that palm oil improved broiler performance; palm oil is rich in palmitic
acid (C16:0), which has higher digestibility than stearic acid (C18:0) among SFA.
Zhu et al. [30] found that broilers fed soybean oil had significantly higher body
weight gain than those fed lard, aligning with our results. In this experiment,
the rapeseed oil group achieved higher live weight and eviscerated weight than
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other groups, with significant differences from the beef tallow and fish oil groups.
This indicates that poultry utilize different oils differently, with higher efficiency
for UFA than SFA, likely because fats not only provide energy, essential fatty
acids, and fat-soluble vitamins for growth and development, improve transport
of fat-soluble vitamins, and promote energy utilization, but also constitute body
cells, dissolve nutrients, and regulate physiological functions [22]. Most studies
have shown that fish oil supplementation yields higher performance [8,26,31].
However, our results did not demonstrate superior performance (e.g., slaughter
performance, liver weight, liver-to-body weight ratio) with fish oil supplementa-
tion, possibly because oils primarily exert growth-promoting effects during later
growth stages, with n-3 fatty acid-rich fish oil having maximal effects in late
growth. Our relatively short overfeeding period with adequate energy supply
may have precluded significant differences.

3.3 Effects of Different Oils on Serum Parameters

Previous reports indicate that diets rich in UFA can reduce serum TC, TG, and
LDL contents while increasing HDL content [3,14]. Our results showed that
compared with goose fat, fish oil and rapeseed oil (rich in UFA) reduced serum
TG content, while beef tallow (rich in SFA) increased serum TG, TC, HDL,
and LDL contents. Elevated serum TG and TC are well-established risk factors
for heart disease. VLDL and LDL are major lipoproteins transporting fatty
acids and cholesterol through blood circulation. This study demonstrated that
compared with goose fat, beef tallow increased serum LDL content, while fish
oil and rapeseed oil decreased it. All oil groups showed reduced serum VLDL
content compared to the goose fat group. Research suggests that dietary UFA
can interfere with VLDL secretion by inhibiting fatty acid synthesis, promoting
fatty acid oxidation, increasing lipoprotein lipase activity, and enhancing conver-
sion of fatty acids to phospholipids [32-34]. High-density lipoprotein cholesterol
(HDL-C) is known as“good”cholesterol, as HDL removes cholesterol from blood
and returns it to the liver for recycling. Studies show that SFA intake impairs
HDL antioxidant capacity and increases oxidized lipoprotein content, whereas
PUFA intake enhances HDL antioxidant capacity [35]. In our study, serum
HDL content was higher in the fish oil, rapeseed oil, and beef tallow groups
than in the goose fat group. These results suggest beneficial effects of fish oil
and rapeseed oil on cholesterol metabolism, as also described in other studies
[24,36-37].

Serum AST and ALT activities are affected by different dietary lipid sources.
AST and ALT activities are normally low in blood but increase when liver
tissue is damaged, as these enzymes are released from cells into circulation [38].
Although differences in serum AST and ALT activities among groups were not
significant in our study, the goose fat group showed numerically higher activities
than the beef tallow, fish oil, and rapeseed oil groups. Metwally et al. [39] found
that fish oil (5%, 10%) reduced diethylnitrosamine-induced elevation of serum
AST and ALT activities in rats. These results suggest that beef tallow, fish
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oil, and rapeseed oil can protect hepatocytes to some extent and improve liver
function in Landes geese.

3.4 Effects of Different Oils on Liver Fatty Acid Composition

High dietary fat intake may promote liver fat accumulation [40], and the fatty
acid composition of muscle and liver reflects that of dietary lipids [41]. Studies
have shown that diets supplemented with vegetable oils and fish oil effectively
enhance n-3 PUFA content in pigs, chickens, and eggs [42]. Research in ducks in-
dicates that under isoenergetic overfeeding conditions, fish oil supplementation
improves liver performance and fatty liver quality. Zhou et al. [43] investigated
effects of corn oil, soybean oil, and fish oil on Cherry Valley ducks, finding that
fish oil and soybean oil groups showed significantly reduced SFA and increased
UFA contents in fatty livers. Wan [26] reported that dietary beef tallow, soy-
bean oil, and fish oil increased n-3 PUFA content in liver, subcutaneous fat,
and blood of Peking ducks. Our results showed that fish oil supplementation
yielded higher hepatic n-3 PUFA content than other groups, primarily due to
significantly higher C20:5n-3 and C22:6n-3 contents, while also increasing hep-
atic n-6 PUFA content. Compared with goose fat, beef tallow supplementation
increased hepatic n-3 PUFA content but decreased n-6 PUFA content. Rapeseed
oil supplementation did not substantially change hepatic n-3 PUFA content but
increased n-6 PUFA content compared with goose fat. Chen et al. [42] studied ef-
fects of different oils on fatty acid distribution and n-3 PUFA conversion in duck
liver, finding that flaxseed oil and fish oil significantly increased total hepatic
n-3 PUFA content, while no significant changes were observed with rapeseed oil
or beef tallow—similar to our findings. Du et al. [14] reported that dietary fish
oil, flaxseed oil, and rapeseed oil (rich in UFA) increased yolk PUFA content in
Shan Partridge ducks. Liver crude fat content did not differ significantly among
groups in our study, while fish oil exhibited cholesterol-lowering effects in the
liver, consistent with Du et al.’s [14] findings in duck egg yolk.

SFA content positively correlates with liver fat content [44]. López-Ferrer et
al. [45] suggested that replacing beef tallow with fish oil reduces dietary SFA
content, primarily C16:0 followed by C18:0. Consistent with López-Ferrer et
al. [45], our experiment showed that diets supplemented with fish oil and rape-
seed oil contained lower SFA than those with beef tallow and goose fat, and
hepatic SFA contents including C16:0 and C18:0 were reduced. The health ben-
efits of marine oils like fish oil are attributed to high n-3 long-chain PUFA (n-3
LC-PUFA) content, mainly C20:5n-3, C22:5n-3, and C22:6n-3, which are pri-
marily esterified in TG in fish oil [46]. SFA are more readily deposited in tissues
than MUFA and PUFA [41]. The significant reduction in hepatic SFA content
after fish oil and rapeseed oil supplementation resulted from corresponding in-
creases in UFA content. This indicates a strong correlation between hepatic SFA
content and dietary SFA content in geese. Although SFA sources and transfor-
mation are complex due to dual origins (dietary, hepatic, and tissue synthesis)
and potential conversion through elongation and desaturation, which may re-
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sult in low correlation coefficients between tissue and dietary SFA content [26],
overfed geese accumulate excessive energy, and hepatic fat may be absorbed
directly from the diet when energy expenditure is minimal.

Conclusion
This experiment demonstrated that compared with dietary goose fat supplemen-
tation, rapeseed oil or beef tallow supplementation resulted in superior liver
performance in overfed Landes geese. Supplementation with PUFA-rich oils
(fish oil and rapeseed oil) improved serum and hepatic lipid parameters with-
out significantly affecting slaughter performance. These oils may be considered
as alternatives to goose fat for producing foie gras with high PUFA and low
cholesterol content, offering health benefits for human consumption.
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