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Abstract

This study was conducted to evaluate the effect of early diet dilution with 40% rice hull on growth performance, carcass

characteristic and composition of meat-type ducks, and to reveal the possible mechanism for decreased body fat deposition.

160 1-day-old White Peking ducks with initial body weight of 44.5±1.0 g were allotted to two treatments with 8 replicate

pens per treatment and 10 ducks per pen (5 male and 5 female). Ducks were fed with the experimental starter diets diluted

with 0% (control, RH0), 40% rice hull (RH40) during 8 to 14 d of age, respectively. Thereafter, all ducks were fed with

grower diet. Ducks fed with RH40 diet from 8 to 14 d of age increased (p<0.05) feed intake, decreased (p<0.05) body

weight, body weight gain and adjusted feed intake (excluded rice hull), abdominal fat, skin with fat, and fat content in car-

cass, and reduced (p<0.05) activities of hepatic malic dehydrogenase, glucose-6-phosphate dehydrogenase and fatty acid

synthetase. When diet dilution was withdrawn in the re-fed period from 15 to 42 d of age, full compensatory growth of body

weight, breast meat and leg meat weight were attained. However, ducks were still less (p<0.05) carcass fat content and

showed continually lower (p<0.05) hepatic lipogenic enzyme activities at the market age in RH40 ducks than the control.

These results indicated that diluting diet with 40% rice hull during 8 to 14 d of age might be a suitable method to improve

feed efficiency, and to reduce carcass fat deposition in the production of meat-type ducks.
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Introduction

At market age, Peking duck carcasses contain up to 30%

of fat (Leeson et al., 1982). Excessive fat results in not

only a poor feed conversion, high cost of production and

inefficiency production, but also an undesirable marketing

reflection due to health concern of consumers (Knizetova

et al., 1991; Plavnik et al., 1982). Therefore, improvement

in carcass quality by decreasing carcass fat deposition has

become a hot topic in meat-type duck production indus-

try.

Several studies have shown that early feed restriction

could decrease fat content and increase protein deposition

in carcasses, thus resulting in the improved carcass com-

position in broiler chickens (Jones and Farrell, 1992; Niel-

sen et al., 2003). Many investigators had attributed such

results to lipogenic responses (Rosebrough et al., 1986),

and control of hyperplasia and/or hypertrophy of adipocytes

(Zhong et al., 1995; Zubair and Leeson, 1996). Metabolic

programming may be defined as a physiological process

whereby early adaptation to a nutritional stress permanently

changes the physiology and metabolism of the organism

and continues to be expressed even in the absence of the

stress that initiates it (Lucas, 1998; Patel and Srinivasan,

2002).

Among various feed restriction regimens, researchers

noted that diet dilution at early age have an advantage for

practical application and is a rather easy way to induce

growth retardation and meet the requirement of animal

welfare (Hassanabadi and Nassiri Moghaddam, 2006; Re-

zaei et al., 2006). Furthermore, to the best of our knowl-

edge, there was no report conducted to investigate the

relationship of feed regimen and body fat content and

metabolic programming in meat type Peking ducks. We

hypothesized that diet dilution may also responsible for

the decreasing of body fat content of meat type ducks and

changing the metabolic programming, as previously men-

tioned what had happened in broilers (Jones and Farrell,

1992; Nielsen et al., 2003). Thus, we conducted this trial
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to examine the effect of early diet dilution with rice hull

on growth performance, carcass characteristics and com-

position, activities of hepatic lipogenic enzymes and lipid

metabolize programming in Peking ducks.

Materials and Methods

The protocol of current study was reviewed and approved

by Hubei Province Institutional Animal Care and Use Com-

mittee.

A total of 160 1-day-old White Peking ducks provided

by the local commercial hatchery (Wuhan Chunjiang Poul-

try Co., Ltd., China) were randomly allotted to two treat-

ments with 8 replicate pens per treatment and 10 ducks per

pen (5 male and 5 female). Ducks were raised in 200×

120×70 cm (length × width × height) pens with wire floor.

The light regime was set at a 23 h: 1 h light-dark cycle.

The temperature of the house was set at 32oC and a 1oC

decrement every two day was applied until it reached 22oC

and then maintained this temperature. During 1 to 7 d of

age, basal starter diet was given to all ducks. Ducks were

fed with the experimental starter diet diluted with 0 (100%

starter basal diet + 0% rice hull , RH0) and 40% rice hull

(60% basal diet + 40% rice hull, RH40) from 8 to 14 d of

age. Thereafter, ducks were fed with identical basal gro-

wer diet up to 42 d of age. All basal diets were formulated

to meet the nutrient requirements according to NRC (1994)

(Table 1). Birds were fed ad libitum access to feed and fresh

water.

Ducks were weighed at 7 d, 14 d and 42 d of age, and

feed intakes were recorded daily based on replications.

Body weight gain (BWG), feed intake (FI) and feed : gain

ratio (F : G) were calculated according to these data. No

mortality was observed throughout the experimental pe-

riod.

At 14 d and 42 d of age, 16 ducks per treatment (1 male

and 1 female per pen) with similar body weight to the pen

average body weight were euthanized by decapitation. The

liver was carefully removed immediately, and was quickly

snap-frozen in liquid nitrogen, and then stored at -80oC

for subsequent analysis.

At 14 and 42 d of age, 16 ducks per treatment were used

for carcass analysis. After feed deprivation overnight, 2

birds (1 male and 1 female) were selected randomly from

each pen, individually weighed, sacrificed by cervical dis-

location. After thoroughly bleeding, the carcasses were

plucked and eviscerated manually. Abdominal fat (includ-

ing mesentery fat), breast meat (including pectoralis ma-

jor and pectoralis minor), leg meat (including thigh and

drumstick), and skin with fat were excised manually and

weighed, and then returned to the carcass. The eviscerated

carcass with gastrointestinal tract (washed away digesta

with 0.9% cold sodium chloride solution) and viscera, ex-

cept for blood, digesta and feathers, were weighed and fro-

zen at -30oC until further composition assay.

All weights data, including eviscerated carcass, breast

meat, leg meat, skin with fat, and abdominal fat, were

expressed as a percent relative to live weight before slau-

ghter.

The moisture, crude fat, crude protein and crude ash con-

tents of eviscerated carcasses was analyzed according to

the method of AOAC (1984).

Table 1. Ingredient composition and nutrition levels of the

basal diet (as fed)1

Ingredient, g/kg
Starter

basal diet

Grower

basal diet

Corn 582.3 654.3

Soybean meal 361.7 284.0

Soybean oil 20.3 26.6

Limestone 12.0 12.0

Dicalcium phosphate 14.0 14.0

Sodium chloride 3.0 3.0

DL-Methionine 1.7 1.7

Choline chloride, 50% 1.0 1.0

Vitamin and trace miner premix2 4.0 4.0

Total 1000 1000

Calculated compostion

ME3, MJ/kg 12.13 12.55

Crude protein, g/kg 210 180

Methionine, g/kg 5.0 4.0

Cystine, g/kg 3.6 3.2

Lysine, g/kg 11.0 9.0

Calicum, g/kg 8.8 8.6

Nonphytate phosphorus, g/kg 3.9 3.8

Analyzed composition

Crude protein, g/kg 206 185

Methionine, g/kg 4.9 4.1

Cystine, g/kg 3.7 3.3

Lysine, g/kg 10.8 9.2

Calcium, g/kg 8.6 8.4

Phosphorus, g/kg 0.38 0.37

1Starter phase, d 1-14; Grower phase, d 15-42.
2Content of vitamins and minerals in diet per kg are as follow:

8,000 IU retinyl acetate; 3,000 IU cholecalciferol; 20 IU DL-α-

tocopheryl acetate; 2 mg menadione sodium bisulfite; 1.5 mg thi-

amin mononitrate; 8 mg riboflavin; 3 mg pyridoxine hydrochloride;

0.02 mg cobalamin; 10 mg calcium-D-pantothenate; 50 mg nico-

tinic acid; 1 mg folic acid; 0.2 mg biotin. Cu (as copper sulfate),

10 mg; Fe (as ferrous sulfate), 60 mg; Mn (as manganous sulfate),

80 mg; Zn (as zinc oxide), 60 mg; I (as potassium iodide), 0.2 mg;

Se (as sodium selenite), 0.3 mg.
3Calculated according to the AME of chickens (Ministry of Agri-

culture of China, 2004).
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Liver were pre-treated according to method described by

Tan and Ohtani (2000). The hepatic activities of malic de-

hydrogenase (MDH), glucose-6-phosphate dehydrogenase

(G-6-PDH), and fatty acid synthase (FAS) were determined

according to the methods described by Colowick and Ka-

plan (1955), Bergmeyer et al. (1974), Gibson et al. (1972),

respectively. Protein concentration of solutions used for

enzyme assay was determined by Coomassie brilliant blue

method using protein assay kit (Nanjing Jiancheng Tech-

nology Co., Ltd., China). Enzyme activities were expressed

as nano-mole of NADPH production (MDH and G-6-

PDH) or NADPH consumption (FAS) per min per mg

protein at 37oC.

All data were statistically analyzed by a one-way ANOVA

using the GLM procedure of SAS (2000) as a completely

randomized design. Results were expressed as the SEM.

Probability values less than 0.05 were considered signifi-

cant.

Results and Discussion

Feed restriction has been well investigated in poultry pro-

duction to improved the feed efficiency and decreasing the

breeding cost (Zubair and Leeson, 1994). Although early

feed restriction reduces growth performance, compensa-

tory growth in the re-feeding period will be attained to

acceleration organism growth to reach the normal weight

(Hornick et al., 2000). Tan et al. (1999) reported that

fully growth compensation at 47 d of age was attained

from all levels of restriction in female White Peking

ducks fed with 80, 60, 40 and 0% of ad libitum intake

from 8 to 14 d of age. Tan and Ohtani (2000) reported

that Peking ducks have similar body weight at 49 d of age

when the ducks were fed ad libitum, 50% of ad libitum,

50% rice hull-dilute feeding, and skip day feeding during 8

to 14 d of age. In current study, ducks was fed with diet

diluted with 40% rice hull between 8 to 14 d of age. The

body weight of RH40 ducks was lower than the RH0

ducks at 14 d of age. This may due to reduced growth rate

of tissues during feed restriction (Hornick et al., 2000). The

body weight of the RH40 ducks was close to the RH0

ducks at 42 d of age. This result indicated that full com-

pensatory growth was obtained during 15 to 42 d of age,

which is consistent to the previously mentioned reports

(Tan et al., 1999; Tan and Ohtani, 2000). This observa-

tion suggested that diet dilution as a kind of restrict feed-

ing in meat-type ducks might be available in practical

application.

During the diet dilution period (8 to 14 d), ducks in RH

40 treatment consumed more (p<0.05) feed and had grea-

ter F : G than ducks in RH0 treatment. This result was in

agreement with Zubair and Leeson (1994), who reported

that nutrition restricted chickens have high level feed

intake relative to body weight. This result indicated that

diluted diet was lower in nutrient and energy density than

RH0 diet and ducks need to consume more feed to main-

tain body function. No difference was observed in FI (p>

0.05), but, F : G was lower (p<0.05) in RH40 treatment

compared with the RH0 ducks during the re-alimentation

period (15 to 42 d). There was no difference in FI and

F : G between the RH0 and RH40 treatments (p>0.05)

during the overall period of the experiment (1 to 42 d).

These results showed that the diluted re-fed ducks gained

more weight while consumed the same amount of feed

with RH0 ducks during the period of re-feeding. Simi-

larly, Tan and Ohtani (2000) reported that the diluted re-

fed ducks enhanced digestion and absorption of nutrients

compared with the control ducks after the period of diet

dilution. It seems that the increased growth rate of diluted

re-fed ducks in the present study could be partly due to

better nutrient utilization, which may contribute to com-

pensatory growth and improved feed efficiency.

Table 2. Effect of early diet dilution on growth performance in

Peking ducks1

Item RH0 RH40 SE2

Body weight, g

d 7 223.2 223.5 2.3

d 14 577.3a 503.0 b 16.1

d 42 2804.9 2813.4 13.6

Body weight gain, g

d 8-14 354.1a 279.5b 8.8

d 15-42 2227.6b 2310.4a 14.4

d 1-42 2760.4 2768.9 12.0

Feed intake, g

d 8-14* 453.2b 483.2a 7.9

d 8-14** 453.2a 289.9b 6.8

d 15-42 5612.4 5580.0 32.2

d 1-42* 6259.6 6257.2 35.8

d 1-42** 6259.6a 6063.9b 36.6

Feed : Gain

d 8-14* 1.28:1b 1.73:1a 0.02

d 8-14** 1.28:1a 1.04:1b 0.02

d 15-42 2.52:1a 2.41:1b 0.01

d 1-42* 2.27:1 2.26:1 0.01

d 1-42** 2.27:1a 2.19:1b 0.01

1RH0, 0% rice hull diet£ªRH40, 40% rice hull diet.
2Pooled standard error.

*feed intake and feed: gain, **adjusted feed intake and feed: gain

(excluded the amount of rice hull).
a,bmeans with different superscripts in the same row are signifi-

cantly different (p<0.05).
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The adjusted feed intake (excluded rice hull) and F : G

(Table 2) in RH40 ducks were decreased (p<0.05) compa-

red with in RH0 ducks during 1 to 42 d. This result indica-

ted that the feed consumption was decreased when ducks

were fed rice hull diluted diet. If we considering about the

low price of rice hull, the improved feed efficiency would

benefit the production of Peking ducks. 

The live body weight of ducks was higher in RH0 treat-

ment than those in RH40 treatment (p<0.05) at 14 d of

age. The weights of eviscerated carcass, breast meat, and

leg meat in RH40 ducks were lower than in RH0 ducks at

14 d of age. The weight of skin with fat and abdominal fat

in RH40 ducks was reduced (p<0.05) compared with in

RH0 ducks both at 14 and 42 d of age. The moisture con-

tent was increased (p<0.05) in RH40 ducks compared

with RH0 ducks at 14 d of age. The crude fat content was

lower in RH40 ducks than in RH0 both at 14 and 42 d of

age (Table 3).

At 14 d of age, the difference of live weight was signif-

icant (p<0.05) between RH40 treatment and RH0 treat-

ment. Similarly, weights of eviscerated carcass, breast and

leg meat, skin with fat, abdominal fat and the crude fat

content of carcass decreased (p<0.05) in RH40 ducks com-

pared with in RH0 ducks (Table 3). This result indicated

that the growth rate of carcass, breast meat, leg meat, and

abdominal fat were decreased in RH40 treatment compa-

red with RH0 treatment. This phenomenon was confir-

med by Hornick et al. (2000) who suggested that this may

be due to reduced growth rate of tissues which caused by

feed restriction. At 42 d of age, there was no difference in

eviscerated carcass, breast and leg meat between the two

treatment groups. This means that the contents of eviscer-

ated carcass, breast meat and leg meat were recovered

from early age diet dilution. However, the skin with fat,

abdominal fat and the crude fat content of carcass were

lower (p<0.05) in RH40 ducks than in RH0 ducks. These

results indicated that early diet dilution unaffected evis-

cerated carcass, breast and leg meat content. However,

reduced carcass fat content in RH40 ducks compared with

in RH0 ducks at 42 d of market age. It is likely that re-

feeding the basal diet after diet-diluted period allowed

RH40 ducks to exhibit catch-up growth not only in body

weight but also in muscle tissues. The finding of unaf-

fected breast and leg meat content in current study was in

consistent with Pinchasov et al. (1988) and Hayashi et al.

(1990). Pinchasov et al. (1988) reported that feed depri-

vation caused a decrease in the breast muscle weight and

re-feeding resulted in an increase in growth rate of breast

muscles. Hayashi et al. (1990) showed that fasting re-fee-

ding broiler chickens exhibited an increased rate of mus-

cle protein turnover during the re-feeding period. The ob-

servation of uncompensated carcass fat content of this trial

was in agreements with Plavnik and Hurwitz (1985); Cabel

and Waldroup (1990); Tan and Ohtani (2000). Plavnik and

Hurwitz (1985) noted that substantial reduction in the size

of the abdominal fat pad of broilers was not influenced by

nutrition during re-feeding. Cabel and Waldroup (1990)

reported that reductions in abdominal fat pad could be att-

ributed to early life feed dilution. Tan and Ohtani (2000)

observed that early feed restriction reduced carcass fat con-

tent in male ducks fed diluted diet not only at the end of

7 d feed restriction but also at 49 of market age when

Table 3. Effect of early diet dilution ratio on carcass characteristics and chemical composition of Peking ducks at 14 and 42 d of age1

Item2 14 d 42 d

RH0 RH40 SE RH0 RH40 SE

Live weigh, g 569.3a 500.7b 15.4 2810.0 2803.1 12.7

Carcass proflies3

Eviscerated carcass 70.21a 68.42b 0.57 72.51 71.57 0.67

Breast meat 3.09a 2.54b 0.09 10.70 10.61 0.18

Leg meat 10.53a 9.17b 0.16 8.00 7.95 0.10

Skin with fat 15.62a 13.93b 0.11 23.57a 20.34b 0.22

Abdominal fat 0.35a 0.18b 0.03 1.46a 1.38b 0.01

Chemical composition4

Moisture 67.3b 70.0a 0.67 54.4 55.1 0.79

Crude fat 13.3a 10.1b 0.77 27.5a 25.8b 0.5

Crude protein 16.4 16.8 0.22 15.6 16.6 0.5

Crude ash 3.0 3.1 0.2 2.5 2.5 0.2

1RH0, 0 % rice hull diluted diet; RH40, 40% rice hull diluted diet.
2Pooled standard error.
3Expressed as the % of live weight.
4Expressed as the % of carcass.
a,bMeans with different superscripts in the same row are significantly different (p<0.05).
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compared to controls. The crude fat contents of carcass at

14 d and 42 d of age are lower in RH40 treatment than in

RH0 treatment (p<0.05). This reduction of fat content

may be due to fat mobilization for energy supply, and ab-

dominal fat may be mobilized more easily during fasting

period (Zhan et al., 2007). Hornick et al. (2000) also sug-

gested that the adipose tissue react more sensitively than

other tissues when animals are under feed restriction. Fur-

thermore, this reduction of fat content could not be caught

up until to marketing time. As ducks grew, the carcass moi-

sture decreased and the carcass fat increased while the car-

cass protein was constant (Zhou et al., 2000). Peterson and

Ellarson (1979) noted that moisture fraction in carcass ge-

nerally varied opposite to lipids. The carcass moisture was

increased (p<0.05) in RH40 ducks compared with RH0

ducks due to the decreased content of fat at 14 d of age.

The hepatic adipose enzyme activities were shown in

Table 4. The activities of MDH, G-6-PDH, and FAS were

lower (p<0.05) in RH40 treatment than in RH0 treatment

both at 14 and 42 d of age.

In avian species, the liver is the major site for lipogen-

esis and bone marrow, and adipose tissue and skin make

minor contributions (Zhong et al., 1995). It has been repor-

ted that hepatic lipogenesis is highly responsive to nutri-

ent changes in diets, the nutritional state of the bird as well

as the amount and composition of feed consumed (Hill-

gartner et al., 1995).

Zhou et al. (2000) confirmed that MDH and G-6-PDH

are two NADPH-generating primary enzymes for the sup-

port of lipogenesis in growing Peking ducks. FAS is a ma-

jor biosynthetic enzyme for fatty acid synthesis. A high ex-

pression of FAS mRNA was related to increased triglyc-

eride depot in muscle tissue of Pekin ducks (Saez et al.,

2009). Rosebrough et al. (1986) showed that early feed res-

triction in broiler chickens resulted in a decrease body fat

content without reducing the general performance at mar-

ket age.

In the present study, these hepatic lipogenic enzyme acti-

vities were determined to reveal the mechanism of differ-

ent carcass fat content (Table 4). At the end of diet dilution

period (14 d of age), the activities of G-6-PDH, MDH and

FAS in liver of feed-restricted ducks were decreased (p<

0.05) with compared with the control, and the differences

(p<0.05) were standing until the end of the experiment

(42 d of age). These phenomena of continual reduced hepa-

tic adipose enzyme activities by early diet diluted in birds

had reported in many literatures. Rosebrough et al. (1986)

observed reductions in both liver size and lipogenesis in

12 d-old broiler subjected to feed dilution from 6 to 12 d.

Zhong et al. (1995) found the rate of lipogenesis was lo-

wer in early feed restricted than ad libitum broiler chick-

ens up to 54 d of age. Tan and Ohtani (2000) fed ducks

with diluted diet containing about 50% rice hull between

8 to 14 d of age, carcass fat contents decreased at 14 and

49 d of age, the activities of hepatic fatty acid synthetase

(FAS) and acetyl-CoA carboxylase (ACC) decreased at

the end of 7 d feed restriction and tended to further

decrease at 49 d of age, when compared with control (0%

rice hull). Tan et al. (1999) reported that the carcass fat

content in meat-type female ducks at 47 d of age was not

different between control (0% rice hull) and feed-

restricted treatment (50% rice hull). These phenomena of

continual suppressed carcass fat content by early feed

restriction in birds might be interpreted hepatic adipose

metabolic programming although it has been reported that

carcass fat content of ducks was sensitive to change in

amount of feed intake at a later stage of growth (Camp-

bell et al., 1985).

Generally speaking, there has two pathways to regulate

the activity of lipogenesis enzymes: hormones that com-

municate changes in nutritional status to the liver and other

organs such as insulin, 3,5,3’-triiodothyronine and glyco-

gen (Goodridge et al., 1986; Hillgarter et al., 1995; Sta-

pleton et al., 1990) that could affect the lipogenesis

enzymes; the glucose level in blood alternate the hepatic

function (Gifforn-Katz and Katz, 1986; Mariash and

Oppenheimer, 1984; Molero et al., 1993; Prip-Buus et al.,

1995). The activities of MDH, G-6-PDH and FAS were

inhibited throughout the experimental period. This may

be explained by a theory that early age malnutrition

sometimes could permanently alter the metabolism of an

animal in the absence of the malnutrition stress (Wells et

al., 2007).

Collectively, ducks subjected to diet dilution with 40%

Table 4. Effects of early diet dilution on hepatic adipose enzy-

me activities in Peking ducks at 14 d and 42 d of age1

Item2

14 d 42 d

MDH
G-6-

PDH
FAS MDH

G-6-

PDH
FAS

RH0 240.0a 125.0a 59.4a 288.4a 176.0a 78.4a

RH40 188.2b 83.5b 44.7b 240.1b 121.1b 63.9b

SE3 25.4 18.0 10.5 24.9 19.2 14.7

1MDH, malic dehydrogenase; G-6-phosphate dehydrogenase; FAS,

fatty acid synthetase. The unit of enzyme activity was express as

nmol per min per mg protein.
2RH0, 0 % rice hull diluted diet; RH40, 40% rice hull diluted diet.
3Pooled standard error.
a,bMeans with different superscripts in the same column are sig-

nificantly different (p<0.05).
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rice hull during 8 to 14 d of age fully recovered body wei-

ght and meat yield at 42 d of age, effectively improved feed

efficiency in the whole period of experiment, and obvi-

ously reduced carcass fat deposition and hepatic lipogenic

enzyme activities in meat-type ducks at 14 d of age, and

up to market age. The continual suppressed hepatic lipo-

genic enzyme activities in re-fed period might be the pro-

longed programming of lipid metabolize. The programming

could partly explain the decreased fat accumulation in car-

cass.
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