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ABSTRACT 

Cacao pod husk (CPH) waste is a byproduct of cacao bean processing that retains nutritional value potentially beneficial 
for ducks; it works by facilitating feed ingredient substitution while maintaining nutritional balance within the animal's 
digestive tract. Field-scale research is required to assess the effectiveness of CPH waste in duck diets for enhancing the 
growth and production of local ducks, particularly in North Sulawesi. This study aimed to evaluate the growth and 
production performance of local ducks, thereby supporting innovations in animal protein supply in North Sulawesi 
through the utilization of CPH waste—a resource that does not compete with human food needs. A Completely 
Randomized Design (CRD) was employed, featuring four treatments and eight replicates, with two starter-phase ducks 
per replicate. The treatments were including P0 (control diet without CPH waste of 0%), P1 (ration diet substituted 
with 6% CPH waste meal), P2 (ration diet substituted with 12% CPH waste meal), and P3 (ration diet substituted with 
18% CPH waste meal). Observed variables included feed intake, body weight, body weight gain, and feed conversion 
ratio. The results indicated that incorporating CPH waste at levels exceeding 12% began to impair duck growth 
performance; this was evidenced by reduced feed intake, lower cumulative body weight, decreased daily weight gain, 
and a significant increase in the feed conversion ratio. Fermentation of CPH waste could be performed beforehand to 
increase protein content and reduce crude fiber levels, enabling its use at levels above 12% in grower-phase duck 
rations while enhancing the material's nutritional value. 
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1 INTRODUCTION 

Duck farming has made a significant contribution to farmers' incomes, created employment opportunities, and 
enhanced community productivity, primarily through the production of duck meat and eggs, which help meet the 
public's demand for animal-based protein [1]. Ducks are a major source of animal protein and represent a key 
commodity; they are increasingly recognized as a strong competitor to free-range chickens, valued for their distinctive 
flavor and substantial meat yield [1]. 
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The ration is a critical factor to consider in duck farming. A high-quality ration influences the final outcomes of duck 
rearing, contributing to high meat and egg production [2, 3], as well as earlier reproductive maturity and greater egg 
weight [4, 5]. The high cost of feed ingredients—such as corn, soybean meal, and fish meal—compels farmers to seek 
out affordable yet high-quality alternatives, including the use of cacao pod husks (CPH). Feed costs represent a 
significant portion of duck farming expenses, accounting for 60–70% of total production costs [6]. To manage these 
costs, farmers can formulate their own rations using readily available, lower-cost ingredients that still provide the 
essential nutrients required for the livestock's production, reproduction, and overall health [7]. 

Cacao pod husks (CPH) possess a nutritional composition comparable to that of other plant-based materials, making 
them highly promising as an alternative feed source [8]. CPH cannot be stored for long periods due to their high moisture 
content, which makes them prone to spoilage and mold growth. Consequently, appropriate processing technology is 
required to handle the material and enhance its nutritional quality before it is fed to livestock. Cacao plantations yield 
cacao beans as the primary product, with CPH as a by-product. The proportions of fresh cocoa beans, pod husks, and 
placenta are 24:74:2, respectively [9]—or 50.8:47.2:2.0 when expressed as a dry matter ratio. By determining the 
volume of cocoa bean production, it is possible to estimate the potential availability of CPH for use as livestock feed.  

Trends in cacao land area, production, and productivity in the Greater Bolaang Mongondow region from 2021 to 2024 
indicate that the area under cacao cultivation has remained relatively constant over the last four years, recorded at 
1,746 hectares, with a cacao bean production of 938.8 tons per year [10]. Based on the ratio of cacao beans to cacao pod 
husks (CPH), the potential dry matter yield of CPH is estimated at 469.4 tons per year, or 0.269 tons per hectare per 
year [11]. If utilized as a fiber source to replace other plant-based ingredients (comprising 50% of the dry matter in a 
ration), this could meet the requirements for 373,611 livestock units (where 1 livestock unit equals 100 ducks), 
equivalent to 37,361 ducks per year. 

Limited knowledge among farmers regarding raw material specifications, feed formulation, and feed production 
processes has prevented the full utilization of cacao pod husks (Theobroma cacao L.)—a byproduct of cacao production. 
Consequently, there is a need for research into the use of cacao pod husks as a feed additive, incorporated at varying 
levels into duck rations. This study aims to evaluate the effects of including cacao pod husks in duck diets, beginning 
during the growth phase and extending through the stages of sexual maturity and the onset of egg production. 

2 MATERIALS AND METHODS 

2.1 Research Location 

This research was conducted at a duck farm in Matali Village, East Kotamobagu District, Kotamobagu City, over a period 
of 120 days—consisting of 14 days for the preparation phase and 106 days for data collection and draft processing of 
manuscript. 

2.2 Research Material 

A total of 64 ducks of unsexed status were used. The equipment employed included individual cages, weighing scales, 
feeders, waterers, and other necessary accessories. The feed ingredients consisted of cacao pod husks (CPH), corn, rice 
bran, and broiler concentrate. The CPH was sourced from local cacao plantations in the vicinity of Kotamobagu City and 
Bolaang Mongondow Regency; it was finely chopped and sun-dried for approximately 3 days until completely 
dehydrated. Once dried, the CPH was ground into a fine powder (Figure 3). Other feed ingredients—namely corn, rice 
bran, and concentrate—were also prepared. These ingredients were formulated to meet the nutritional requirements 
of meat-type ducks during the grower phase, specifically 16% crude protein (CP) and 3000 kcal/kg of metabolizable 
energy (ME) [5]. 
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Figure 1: The research procedure involves the use of cacao pod husk (CPH) waste flour—derived from 
Theobroma cacao L.—as a functional additive in the rations of local ducks (Anas platyrhynchos domesticus) 

during the starter growth phase. 

2.3 Enclosures and equipment 

The enclosures used in this study consisted of 32 individual pens, each housing 2 ducks, for a total of 64 ducks. Every 
pen was equipped with a feeder and a waterer. The duck enclosures and their equipment were cleaned, and the 
enclosures were sprayed with a disinfectant to eliminate any bacteria present. 

2.4  Research Duck Feed 

Table 1: Nutritional Requirements of Peking Ducks 

Nutritional Composition Starter Grower 

Crude Protein (%) 20,0 - 22,0 16,00 – 19,00 

Metabolic Energy (kcal/kg) 2900 3000 

Source: [5]. 

Table 2: Duck Feed Consumption Standards 

Age (weeks) Ducks (g/bird/week) 

1 150 

2 310 

3 400 

4 610 

5 780 

6 800 

7 950 

8 1000 

Source: [5]. 
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Day-old ducks (DOD) were transported to the research site immediately after hatching. Upon arrival, the ducklings were 
provided with water ad libitum, followed by feed. From 0 to 2 weeks of age, the ducklings were fed a commercial ration 
(BR-1), as starter ducks require a crude protein content of 20–22% and a metabolizable energy level of 2,900 kcal/kg 
[5]. From 2 weeks of age until 10 weeks of age, the ducklings were provided with an experimental diet formulated from 
tofu dregs, rice bran, corn, and concentrate. The nutritional requirements for the starter and grower phases were based 
on the standards for Pekin ducks, as presented in Table 2. Water was provided ad libitum, while feed was supplied twice 
daily (in the morning and afternoon). The body weight of the ducklings was recorded at the beginning of the study and 
measured weekly thereafter until the end of the research period. The feeding regimen for the grower phase was based 
on [24], with a 10% modification, as detailed in Table 2. 

The feed used in this study was a commercial feed (BR-1) for ducklings aged 0–2 weeks; for the treatment group of 
ducklings aged 3–10 weeks, the feed ingredients presented in Table 2 were used. The formulations of the experimental 
rations and their respective nutritional content are shown in Table 3, while the composition of the rations is detailed in 
Table 4. 

Table 3: Nutrient composition of feed ingredients for the grower phase of ducks 

Nutrients Protein (%) Crude Fiber (%) Fat (%) Ca (%) P (%) Gross Energy (Kcal/kg) 

Corn * 10,19 1,86 1,52 1,55 1,48 4.301 

Rice bran * 10,12 18,71 7,98 1,06 1,33 4.251 

Concentrate ** 32,00 6,00 5,00 11,00 1,10 2.125 

CPH # 11,30 39,33 1,48 0,22 1,07 2.600 

*) Analysis results [1,5].; **) Nutritional content of feed ingredients PT. Japfa Bomfeed Indonesia (2026); #) Analysis results of the Testing 
Laboratory, Centre for Standardization and Industrial Services, Manado of Indonesia (2026); CPH = Cacao Pod Husk 

The composition of feed ingredients for the grower-phase duck ration is as shown in Table 4. 

Table 4: Feed Formulation and Nutritional Content of Feed 

Feed Ingredients Treatment 

T0 T1 T2 T3 

Yellow corn (%) 50 47,00 44,0 41,00 

Rice bran (%) 5 4,70 4,40 4,10 

Concentrate (%) 45 42,30 39,60 36,90 

CPH (%) 0 6,00 12,00 18,00 

Total (%) 100 100 100 100 

Nutrients *  

Protein (%) 21.00 20.41 19.82 19.22 

Crude fiber (%) 11.44 12.32 13.07 13.19 

Fat (%) 4.56 5.75 6.94 8.13 

Ca (%) 5.78 5.44 5.11 4.78 

P (%) 1.30 1.29 1.27 1.26 

Gross Energy (Kcal/kg) 3319.3 3276.14 3232.98 3189.83 

*) Calculated based on the nutrient composition in Table 3; CPH = Cocoa Pod Husk  

This study employs a Completely Randomized Design (CRD) with 4 treatments and 8 replications. Each treatment and 
replication involve 2 ducks in the grower phase. The treatments to be investigated are as follows:  

• T0: Basal Diet without CPH (0%),  
• T1: Basal diet with CPH additive of 6%, 
• T2 : Basal diet with CPH additive of 12%, and  
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• T3 : Basal diet with CPH additive of 18%. 

2.4.1  Research Variables 

The variables observed include: (a) feed consumption, (b) body weight, (c) body weight gain, and (d) feed conversion. 
Feed consumption is calculated on a weekly basis by subtracting the amount of leftover feed from the total amount of 
feed provided over the course of the week. 

2.5  Statistical analysis 

The analysis used for variable estimation, employing a Completely Randomized Design (single-factor) with the 
following statistical model [38, 39]: 

Yik = μ + αi + εik 

Where: Yik = the k-th observation for the i-th sire; μ = the mean of the observations; αi = the effect of the i-th treatment 
level of cacao pod husk (CPH); and εik = the deviation due to uncontrolled environmental and genetic factors. The 
partitioning of variance components—used to estimate the significance level of the treatments based on probability 
values—was performed via analysis of variance [38, 39], as outlined in Table 6. 

Table 5: Sources of variance, components of analysis of variance, and significance levels of treatments, with 
corresponding probability (p) values 

Source of 
variance 

Degrees of freedom 
(df) 

Sum of Squares 
(SS) 

Mean Square 
(MS) 

F Calculated Significance level 
(p) 

p < 0.05 p < 0.01 

Treatment (t) t – 1 = 3 SSt SSt /3 MSt / 
MSε 

2,99 4,68 

Error (ε) t (r – 1) = 28 SS ε  SSε /28    

Total tr – 1 = 31    

Notes: Treatment (t) = 4 CPH additive level; Replication (r) = 8 replicates (replication)/treatment.; If the value FCalculated > 4,68; then, the treatment 
has a highly significant effect (p < 0,01) on duck growth,; if the value FCalculated > 2,99; then, the treatment has a significant effect (p < 0,05) on duck 

growth. 

3 RESULTS AND DISCUSSION 

3.1 Feed Consumption 

The average feed consumption of ducks aged one to four weeks is presented in Table 6. Analysis of variance results 
indicate that the inclusion of cacao pod husk (CPH) waste has a significant effect (P<0.05) on the feed consumption of 
ducks during the growth phase up to 4 weeks of age. The use of a large amount of CPH waste in treatment R3 resulted 
in a decrease in feed consumption of approximately 3.69 percent (Table 6), likely because CPH waste is bulky due to its 
high fiber content. The bulky nature of a feed ingredient can cause a duck's crop to fill up quickly, leading to reduced 
feed intake, even though the duck’s actual nutritional requirements have not yet been met. Furthermore, feed 
palatability significantly influences feed consumption, which in turn affects live body weight [15]. 

The best average feed consumption was observed with the control diet, which utilized feed ingredients—including 
protein sources—of high quality and low crude fiber content. The nutrient sources in the concentrate feed consisted of 
ingredients containing high-quality amino acids and relatively low crude fiber levels, especially when compared to diets 
incorporating up to 18 percent cacao pod husks (CPH) (Figure 2). A high crude fiber content in feed can reduce feed 
intake, as it limits the availability of energy and other essential nutrients. Furthermore, crude fiber acts as a "bulking 
agent," causing the poultry's crop to reach capacity more quickly; this triggers the cessation of feeding, ultimately 
leading to a decline in total feed consumption. Bulky feed causes the digestive tract to fill up rapidly, prompting the 
birds to reduce their feed intake [32]. 
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Table 6: Mean feed consumption, initial body weight, body weight at 4–8 weeks of age, body weight gain (BWG) 
during the study, and feed conversion ratio (FCR) for ducks (Anas platyrhynchos domesticus) 

Observational 
Variables 

Treatment (g/animal/week)  

T0 T1 T2 T3 p 

Daily feed 
consumption up to 4 
weeks of age (g/bird) 

 

55,89 ± 0,62 a 

 

55,31 ± 0,62  a 

 

54,69 ± 0,63 ab 

 

53,83 ± 1,13 b 

 

.05 

Daily feed 
consumption up to 8 
weeks of age (g/bird) 

 

93,66 ± 0,64 

 

93,43 ± 0,69 

 

93,08 ± 1,05 

 

92,85 ± 0,97 

 

.12 

Body weight of the 
ducks in the study (4 
weeks of age) 

 

551,62 ± 19,12 a 

 

549,25 ± 20,91ab 

 

534,62 ± 24,02 bc 

 

524,01 ± 29,02 c 

 

.01 

Body weight of ducks 
in the study (8 weeks 
of age, g/bird) 

 

1376,12 ± 43,89 a 

 

1215,62 ± 73,47 a 

 

1081,75 ± 43,32 b 

 

920,12 ± 49,98 c 

 

.01 

Body weight gains up 
to 4 weeks of age 
(g/bird) 

 

26,41 ± 3,01 a 

 

24,67 ± 3,89  a 

 

21,08 ± 3,81 ab 

 

18,21 ± 4,58 b 

 

.01 

Body weight gains up 
to 8 weeks of age 
(g/bird) 

 

23,61 ± 3,67 a 

 

17,37 ± 2,62  b 

 

15,07 ± 1,53 bc 

 

11,37 ± 3,68 c 

 

.01 

Daily FCR (feed 
conversion ratio) up to 
4 weeks of age 

 

2,18 ± 0,39 a 

 

2,28 ± 0,31  b 

 

2,79 ± 1,03 bc 

 

3,13 ± 0,82 c 

 

.03 

Daily FCR (feed 
conversion ratio) up to 
4 weeks of age 

 

4,06 ± 0,71 a 

 

5,48 ± 0,77  ab 

 

6,18 ± 0,29 b 

 

9,15 ± 1,64 c 

 

.03 

Notes: T0: Feed without cacao pod husk (CPH) (0%); T1: Feed with 6% cacao pod husk (CPH); T2: Feed with 12% cacao pod husk (CPH); and T3: 
Feed with 18% cacao pod husk (CPH). Different superscripts in the same row indicate highly significant (P<0.01) and significant (P<0.05) 

differences. 

Cacao pod husks (CPH) is a residue generated during the processing of cacao beans into agricultural products; 
consequently, much of its original nutritional content has been depleted. Nevertheless, CPH remains a potential source 
of plant-based protein for livestock feed, as its protein content can reach approximately 10.12%, along with a profile of 
various amino acids [11, 33]. It is suspected that the amino acid content in CPH is reduced, which may lead to a decline 
in the intake of essential nutrients (amino acids) [33]. Duck feed consumption was higher at 8 weeks of age compared 
to 4 weeks of age, whereas daily weight gain was lower at 8 weeks of age than at 4 weeks of age (Figure 2). This situation 
resulted in a higher feed conversion ratio for the ducks at 8 weeks of age compared to 4 weeks of age (Figure 2). 

Waterfowl (ducks) prefer wet feed over dry feed. Including increasing amounts of dry cacao pod husks (CPH) waste in 
the ration results in significant feed wastage; furthermore, it can cause ducks to experience difficulty swallowing, which 
may lead to respiratory distress—a condition that, if prolonged, can result in sudden death. This, in turn, leads to a 
reduction in weight gain, consistent with a decline in feed consumption [34]. As noted above, higher levels of CPH waste 
in the ration are associated with lower feed intake. It was observed that a ration containing up to 18% CPH waste still 
supported a level of feed consumption that did not differ significantly (p=0.12) from that of the control group (Table 6). 
However, this increase in feed consumption did not translate into a positive effect on the ducks' daily weight gain or 
their cumulative live weight by the age of 8 weeks. 
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Figure 2: Feed consumption, daily body weight gain (BWG) of ducks (g/bird/day), and feed conversion ratio at 
4 and 8 weeks of age under the following treatments: T0 (feed without CPH waste, 0%), T1 (feed with 6% CPH 

waste substitution), T2 (feed with 12% CPH waste substitution), and T3 (feed with 18% CPH waste 
substitution). 

3.2 Body Weight 

 

Figure 3: Cumulative body weight of ducklings at 4 weeks and 8 weeks of age 
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The average body weight of ducks from one to eight weeks of age is presented in Table 6. Analysis of variance indicates 
that the inclusion of CPH waste in the ration has a highly significant effect (p<0.01) on the reduction of both daily feed 
intake and body weight gain, as well as the cumulative body weight of the ducks. Further testing reveals that duck body 
weight decreases significantly (p<0.01) as the proportion of CPH waste in the ration increases. Body weight is strongly 
influenced by the amount of feed consumed that contains CPH waste; higher consumption of such feed leads to lower 
body weight (Figure 2). A higher nutrient density in the feed results in greater body weight, whereas a lower nutrient 
density leads to lower body weight, primarily due to reduced feed intake [35]. This is because feed containing CPH waste 
often has a lower nutrient density and is generally less palatable; it typically contains higher levels of crude fiber and 
lower levels of metabolizable energy (Table 4). The results of this study show that cumulative body weight decreases 
as the level of CPH waste in the ration increases. It is observed that the cumulative body weight of the ducks, starting 
from the 4-week age period, shows a substantial increase by the 8-week age period (Figure 3). Concurrently, there is a 
notable surge in feed intake during both the 4-week and 8-week periods (Figure 2), which correlates directly with the 
sharp rise in cumulative body weight observed by the 8-week mark (Figure 3). 

3.3  Body weight gain 

The average weight gain of the ducks is presented in Table 6. Analysis of variance indicates that the inclusion of cacao 
pod husk (CPH) waste at varying levels in the diets of ducks aged 1–8 weeks has a highly significant effect (p<0.01) on 
cumulative live body weight and daily weight gain. The CPH waste was sourced as an alternative feed ingredient for 
ducks. It was collected from community-owned cocoa plantations in the vicinity of Kotamobagu City (Figure 1). The 
fresh CPH waste was chopped and then sun-dried; the drying process took three days, provided there was no rain. Once 
dried, the CPH waste was ground using a corn-grinding machine equipped with a sieve, resulting in a cacao pod husk 
(CPH) meal ready for use as a feed ingredient for ducks. 

Body weight gain is strongly influenced by feed intake, as the amount of feed consumed determines the nutrients that 
enter the duck's body for growth. These findings differ from those of previous studies [36, 37], which reported that 
feeding ducks a diet containing 10%–30% CPH waste did not affect body weight gain. The variation in body weight 
observed in this study is attributable to differences in the amount of feed consumed; specifically, higher feed intake—
containing up to 18% CPH waste—resulted in reduced body weight gain, likely due to the high crude fiber content. 

There are differences in the body weight and weight gain of ducks fed commercial feed versus those fed a formulated 
(homemade) ration, stemming from variations in their nutritional value—even when the formulated ration is intended 
to have the same nutritional composition as the commercial feed [37]. This discrepancy can arise because the varying 
quality of the ingredients used in a formulated ration makes it difficult to ensure that the final product possesses the 
same nutritional profile as commercial feed. For instance, ingredients such as fish meal, soybeans, and rice bran 
available on the market vary significantly in quality—ranging from coarse bran and fine bran to rice polishings 
(bekatul), or a combination of these—making it challenging to guarantee that the nutritional composition of the 
ingredients meets specific standards. A high protein content, when accompanied by high levels of fiber or lignin, 
requires a longer duration for the processes of digestion and nutrient absorption in ducks [37]. Consequently, poor 
absorption of nutrients from the feed leads to a reduction in the ducks' weight gain. 

3.4  Feed Conversion Ratio (FCR) 

Feed conversion is an indicator used to measure the efficiency of feed utilization in producing body weight—including 
meat—relative to the total body weight gained as the final output. The mean feed conversion ratio (FCR) for the ducks 
is presented in Table 6. Analysis of variance indicates that the inclusion of CPH (cacao pod husk) waste at varying levels 
in the ducks' diet has a significant effect (p<0.05) on the feed conversion ratio. 

Feed conversion is calculated by taking the total daily feed consumption over the 1–8 week period and dividing it by the 
total daily body weight gain during the same period. Up to 4 weeks of age, the highest mean feed conversion ratio (FCR) 
was observed in T3 (3.13 ± 0.82), followed by T2 (2.79 ± 1.03), T1 (2.28 ± 0.31), and the lowest in T0 (2.18 ± 0.39). 
However, these FCR values increased across all feed levels as the ducks transitioned from the 4-week mark toward 8 
weeks of age; the highest mean FCR was found in T3 (9.15 ± 1.64), followed by T2 (6.18 ± 0.29), T1 (5.48 ± 0.77), and 
the lowest in T0 (4.06 ± 0.71) for the period up to 8 weeks of age (Table 6). This indicates that, between 4 and 8 weeks 
of age, ducks require a significantly higher feed intake—an increase of 100% to 300%—to maintain a linear rate of body 
weight gain compared to their growth during the first 4 weeks. 

The feed conversion ratio (FCR) results obtained here are lower and do not align with the findings of studies [33] and 
[37] on ducks. Those studies reported that ducks fed diets containing 10%, 20%, and 30% cacao pod husk (CPH) waste 
over an eight-week rearing period showed no significant differences in their feed conversion ratios. In the present study, 
the R0 treatment proved to be the most efficient, as it yielded the lowest feed conversion ratio. The observed differences 
in the feed conversion ratios between ducks receiving commercial feed and those receiving the experimental 
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(formulated) feed are attributable to variations in the balance between feed intake and the resulting body weight gain 
[37]. 

The feed conversion ratio increases as the proportion of cacao pod husk (CPH) in the ration rises. The feed conversion 
ratio is influenced by two factors: feed consumption and body weight gain [37]. A high feed conversion ratio in ducks is 
strongly associated with the fiber content of the ration. A higher fiber level, when balanced with an optimal protein 
content, can improve feed conversion [37]. Feed with a high nutrient density results in better feed efficiency/conversion 
[33]. 

The feed conversion ratio indicates the efficiency with which ducks utilize the feed provided. A lower feed conversion 
ratio signifies higher feed efficiency [33, 38]. A low feed conversion ratio means that less feed is required to achieve an 
increase in body weight—reflecting high efficiency—which aligns with research findings stating that a lower feed 
conversion ratio indicates greater efficiency in feed utilization [37]. The feed conversion ratio for ducks is higher at 8 
weeks of age compared to 4 weeks of age; this is due to an increase in feed consumption during that period, which is 
inversely proportional to the gain in body weight (Figure 2). 

4 CONCLUSION 

The inclusion of cacao pod husks (CPH) in feed at levels exceeding 12% begins to impair the growth performance of 
ducks, as evidenced by a significant reduction in feed intake, cumulative body weight, and daily weight gain, alongside 
an increase in the feed conversion ratio. Fermenting the CPH can increase its protein content while reducing its crude 
fiber content; subsequent research could then explore the use of fermented CPH at levels above 12% in the diets of 
growing ducks, thereby enhancing the nutritional value of this byproduct. 
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