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Abstract

This experiment aimed to investigate the effects of dietary green foxtail algae
supplementation on growth performance, slaughter performance, and immune
organ indices in Linwu ducks, in order to determine the appropriate inclusion
level of green foxtail algae in Linwu duck diets. A total of 480 healthy 30-day-old
Linwu ducks with similar body weight were selected and randomly divided into 3
groups, with 4 replicates per group and 40 ducks per replicate. Group 1 (control
group) was fed the basal diet, while groups 2 and 3 were fed experimental diets
containing 10% and 20% green foxtail algae, respectively. The experimental
period lasted 28 days. At 44 and 58 days of age, ducks were slaughtered to
determine live body weight, carcass yield, semi-eviscerated yield, eviscerated
yield, breast muscle percentage, leg muscle percentage, skin and fat percentage,
and immune organ indices. The results showed that: 1) During the 30-44 day
and 45-58 day periods, group 3 exhibited significantly higher average daily gain,
average daily feed intake, and feed conversion ratio compared with group 2
and the control group (P<0.05), but no significant differences were observed
between group 2 and the control group (P>0.05). 2) At 44 and 58 days of
age, no significant differences were observed among groups in live body weight,
carcass yield, semi-eviscerated yield, eviscerated yield, leg muscle percentage,
or skin and fat percentage (P>0.05); however, the breast muscle percentages of
both group 2 and group 3 were significantly higher than that of the control group
(P<0.05). 3) At 44 days of age, no significant differences were observed among
groups in thymus index, spleen index, or bursa of Fabricius index (P>0.05);
at b8 days of age, the bursa of Fabricius index of group 3 was significantly
higher than that of the control group (P>0.05), the spleen index of group 3 was
significantly higher than those of the control group and group 2 (P>0.05), and

chinarxiv.org/items/chinaxiv-201711.00891 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00891
https://chinarxiv.org/items/chinaxiv-201711.00891

ChinaRxiv [$X]

no significant differences were observed among groups in thymus index (P>0.05).
These results indicate that the addition of 10% green foxtail algae to Linwu duck
diets had no significant effects on growth performance, slaughter performance,
or immune organ indices.
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Abstract: This study investigated the effects of dietary Myriophyllum quitense
on growth performance, slaughter performance, and immune organ index of
Linwu ducks to determine the appropriate supplementation level. A total of
480 healthy 30-day-old Linwu ducks with similar body weight were randomly
allocated into three groups, each with four replicates of 40 ducks. Group 1 (con-
trol) received a basal diet, while groups 2 and 3 received experimental diets
containing 10% and 20% M. quitense, respectively. The 28-day trial involved
slaughter at 44 and 58 days of age to measure live body weight, carcass yield,
half-eviscerated yield, eviscerated yield, breast muscle percentage, leg muscle
percentage, subcutaneous fat percentage, and immune organ indices. The re-
sults showed: (1) During both 30-44 days and 45-58 days, group 3 exhibited
significantly different average daily gain, average daily feed intake, and feed-to-
gain ratio compared to group 2 and the control (P<0.05), while no significant
differences were observed between group 2 and the control (P>0.05). (2) At
both 44 and 58 days of age, no significant differences were found among groups
in body weight, carcass rate, half-eviscerated rate, eviscerated rate, leg muscle
rate, or subcutaneous fat rate (P>0.05), but the breast muscle rate in groups
2 and 3 was significantly higher than in the control (P<0.05). (3) At 44 days,
no significant differences were detected in thymus, spleen, or bursa of Fabricius
indices among all groups (P>0.05). At 58 days, the bursa of Fabricius index in
group 3 was significantly higher than in the control (P<0.05), and the spleen
index in group 3 was significantly higher than in both the control and group 2
(P<0.05), though thymus index remained unaffected (P>0.05). In conclusion,
dietary supplementation with 10% M. quitense has no obvious adverse effects on
growth performance, slaughter performance, or immune organ indices in Linwu
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ducks.
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Introduction

With the rapid development of animal husbandry in China, feed resource short-
ages are becoming a major obstacle to sustainable industry growth. Scientific
utilization of unconventional feed resources based on their nutritional character-
istics and animal physiological requirements is therefore essential. Myriophyllum
quitense, a species in the family Haloragidaceae, originates from South America
and has been cultivated in China as an ornamental plant for over 200 years. It
exhibits strong adaptability, rapid biomass accumulation, and high pollution tol-
erance, making it widely applicable for ecological restoration of eutrophic water
bodies. The Institute of Subtropical Agriculture, Chinese Academy of Sciences
has developed a core purification technology using M. quitense wetland systems
to address agricultural and rural environmental pollution in China, achieving
notable results in water ecological management and resource optimization. M.
quitense grows rapidly in nitrogen- and phosphorus-rich water, with nitrogen
absorption capacity reaching 1-2 t/hm? annually (equivalent to the annual ex-
cretion of approximately 280-560 pigs) and phosphorus absorption of 0.18-0.30
t/hm? per year. However, research on its utilization as a feed resource remains
in its infancy, with limited relevant literature available. This study aims to eval-
uate the effects of graded levels of dietary M. quitense on growth performance,
slaughter performance, and immune organ indices in Linwu ducks, providing a
theoretical basis for developing this novel feed resource and its scientific appli-
cation in meat duck diets.

1.1 Experimental Material

Myriophyllum quitense was provided by the Kaihui Base of Changsha Agricul-
tural Environmental Observation Station, Institute of Subtropical Agriculture,
Chinese Academy of Sciences. Its major nutrient composition is presented in
Table 1 .

1.2 Experimental Design

Four hundred eighty 30-day-old healthy Linwu ducks with similar body weight
(half male, half female) were randomly divided into three groups with four repli-
cates each containing 40 ducks. Initial body weights among groups were not
significantly different (P>0.05). Group 1 (control) received a corn-soybean
meal basal diet, while groups 2 and 3 received experimental diets containing
10% and 20% M. quitense, respectively. Diets were formulated as pelletized
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complete feeds according to NRC (1994) nutrient requirements. Diet composi-
tion and nutrient levels are shown in Table 2 . The 28-day trial employed pen
housing with ad libitum access to feed and water.

1.3 Management

The experiment was conducted at the Jinjing Base of Changsha Agricultural En-
vironmental Observation Station, Institute of Subtropical Agriculture, Chinese
Academy of Sciences. Ducks were raised in free-range conditions with pellet
feeding, ad libitum water and feed (provided at 08:00 and 16:00 daily), and re-
ceived routine vaccination and conventional management throughout the trial
period.

1.4 Measurements

1.4.1 Growth Performance Body weights were recorded at 30, 44, and 58
days of age to calculate average daily gain (ADG), average daily feed intake
(ADFT), and feed-to-gain ratio (F/G). Mortality was recorded daily. Calcula-
tions were as follows: - ADG (g/d) = (final body weight -initial body weight) /
trial days - ADFI (g/d) = total feed intake / trial days - F/G = ADFI / ADG

1.4.2 Slaughter Performance At 44 and 58 days of age, two ducks per repli-
cate with similar body weight were selected, deprived of feed for 12 hours (with
water), weighed, and slaughtered. Following Yang’ s method, live body weight
was measured to calculate carcass rate, half-eviscerated yield, eviscerated yield,
breast muscle rate, leg muscle rate, and subcutaneous fat rate: - Carcass rate
(%) = (carcass weight / live weight) x 100 - Half-eviscerated rate (%) = (half-
eviscerated weight / live weight) x 100 - Eviscerated rate (%) = (eviscerated
weight / live weight) x 100 - Breast muscle rate (%) = (breast muscle weight
/ eviscerated weight) x 100 - Leg muscle rate (%) = (leg muscle weight / evis-
cerated weight) x 100 - Subcutaneous fat rate (%) = (subcutaneous fat weight
/ eviscerated weight) x 100

1.4.3 Immune Organ Index After slaughter, thymus, spleen, and bursa of
Fabricius were weighed to calculate immune organ indices: - Immune organ
index = organ fresh weight / live body weight

1.5 Statistical Analysis

Experimental data were preliminarily processed using Excel 2013 and analyzed
by covariance using SPSS 20.0 software. Results are expressed as means with
significance set at P<0.05.
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Results and Discussion

Nutritional analysis indicates that M. quitense possesses relatively high nutri-
tional value with balanced amino acid composition. Its crude protein content
falls between energy and protein feed types, though crude fiber content is rela-
tively high. Linwu ducks, a geographical indication product from Linwu County,
Hunan Province and one of China’ s eight famous duck breeds, exhibit relatively
slow early growth rates. Ducks have distinct digestive physiological character-
istics, including large gastrointestinal volume and well-developed gizzard and
ceca, enabling high utilization of dietary fiber. High-fiber diets also reduce fat
deposition. Shi et al. reported that Sichuan white geese fed diets containing 10%
alfalfa meal showed favorable growth performance. He et al. demonstrated that
appropriate stocking density for 21-63 day-old Linwu ducks in net-floor systems
is 3-5 birds/m2. Compared with that study, the current trial achieved higher
ADG and ADFI, attributable to superior dietary nutrient levels. Xia et al. found
that adding alfalfa meal and cellulase to layer diets improved feed utilization ef-
ficiency. M. quitense grows rapidly in nitrogen- and phosphorus-rich water with
strong environmental nitrogen absorption capacity, producing 45-90 t/hm? of
dry hay annually under suitable wetland conditions. The present results show
that dietary M. quitense increased ADFI with increasing supplementation level
while decreasing ADG, though the 10% group showed no significant difference
from the control. Given its rapid growth, high yield, and low cost, 10% dietary
M. quitense supplementation can improve growth performance and reduce feed
costs in meat ducks.

As a local Hunan breed traditionally raised in free-range mountain systems,
Linwu ducks are highly active with well-developed leg muscles. Li et al. found
that 4% aquatic plant supplementation minimally affected meat duck slaughter
performance, while Liang et al. reported that 4% grass meal supplementation
had little effect on Cherry Valley duck slaughter performance, though higher
grass meal levels decreased half-eviscerated and eviscerated yields, likely due to
dietary crude fiber effects. Zhan et al. demonstrated that appropriate ryegrass
supplementation improved slaughter performance in Yangzhou geese. The cur-
rent slaughter trial revealed that at 44 days, 10% M. quitense supplementation
increased carcass rate and significantly elevated breast muscle rate compared
to the control. At 58 days, while most parameters showed no significant differ-
ences, the control group exhibited higher carcass, half-eviscerated, and eviscer-
ated rates than the 10% and 20% M. quitense groups, whereas breast muscle
rate was significantly higher in both supplemented groups. Compared with
Chen et al., carcass rates were similar, but eviscerated yield, half-eviscerated
yield, leg muscle rate, and breast muscle rate increased while subcutaneous fat
rate decreased. Therefore, 10% supplementation appears optimal for practical
meat duck production.

Immune organ-to-body weight ratios serve as preliminary indicators of immune
function, with thymus and spleen being primary immune organs. Rivas et
al. suggested that thymus, spleen, and bursa of Fabricius indices can evaluate
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chick immune status, where greater absolute and relative organ weights indicate
stronger cellular and humoral immunity. Ma et al. also associated increased im-
mune organ weight with enhanced immune function through cell growth and
proliferation, while weight reduction indicates compromised immunity. Wei et
al. demonstrated that inulin improved broiler growth performance and immune
organ indices, and Tang et al. showed that 5% pine needle powder increased
thymus and bursa indices in broilers, promoting immune cell proliferation and
differentiation. In meat duck production, artificially selected large breeds of-
ten show inferior stress resistance compared to local breeds. Li reported that
Jianchang ducks exhibited higher immune organ indices and stronger disease
resistance than large commercial meat ducks, with all indices in the current
study surpassing those of large meat duck breeds. The present findings indicate
that immune organ indices increased with M. quitense supplementation level,
suggesting that M. quitense may promote immune organ development, though
the underlying mechanism requires further investigation.

In conclusion, dietary supplementation with 10% M. quitense has no obvious
adverse effects on growth performance, slaughter performance, or immune organ
indices in Linwu ducks while reducing feed costs.
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