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Thesis Summary

Sweet potato (SP) roots and cassava tubers provide an important feed resource for
smallholder farming of pigs in many countries where grain-based feeds are less available.
Root and tuber provide digestible starch energy and lower protein however dietary fibre may
reduce the digestibility of nutrients and N retention in growing pigs when fed together with
protein containing ingredients. Inclusion of SP vine and foliage in daily diets fed to pigs
provides an additional source of N, amino acids and dietary fibre. Furthermore, where
smallholder producers exploit either commercial (CG) or mixed genotype (MG) pigs their
specific nutrient requirements should be determined in order to provide cost-efficient feeding
strategies. A series of seven metabolic trials and two growth trials tested the nutrient
utilization and growth performance of CG (Landrace x Large White x Duroc) and Papua New
Guinean MG pigs fed blended SP or cassava diets. Seven metabolic trials were all conducted
in 4x4 Latin Square design using SP or cassava prepared as boiled, ensiled or milled feed,
blended with complementary protein concentrates (wheat-based) into nine test diets, with
each set of three diets compared against a wheat-based standard feed, using four CG or MG
growing pigs (25-30 kg BW) fed to satisfaction over four 8-d periods. One station-based
growth trial was conducted in a replicated 4x4 Latin Square design using 16 MG entire-male
(8) and female (8) growing pigs (25 kg BW) on restricted feeding of one of two blended SP
diets or one of two wheat-based pellet diets over four 10-d periods. One farm-based growth
trial was conducted in a 2x6x8 Randomized Complete Block design using 96 MG castrate-
male (47) and female (49) growing pigs (21 kg BW) on restricted feeding of either a blended
SP root diet or wheat-based pellet diet over 90-d’s. CG pigs were obtained from a large scale
commercial piggery and MG pigs were obtained from a local smallholder piggery in PNG.
Nutrient utilization was high but N balance and growth performance of pigs varied when fed
the prepared forms of root-based and wheat-based diets; between marginally different body

weights, and apparently influenced by dietary exposure and genotype. Fibre digestibility in
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MG pigs was improved compared to CG pigs, N retained from different diets was influenced
by the root sources and prepadiets, and it is likely that the protein and amino acid
requirements are substantially lower for MG growing pigs. Evaluation of nutrition for sows,
weaners and finishers and study of the effect of fermentable carbohydrates on gut physiology

and health in MG pigs were recommended.
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Current and future research to support smallholder pig
production in Papua New Guinea

Michael Dom™*, Workneh Ayalew®, Phil Glatz?, Roy Kirkwood® and Paul Hughes?
Abstract

The village pig in Papua New Guinea (PNG) has been crossbred with commercial breeds
resulting in mixed-genotype pigs that are ubiquitous in today’s small-scale production
systems. There has not been a thorough assessment of the nutritional requirements of mixed-
genotype pigs, although growth has improved, despite wide variation in housing, environment
and health. In addition, there has been little focus on integrating nutritionally balanced diets
into the pig production system to improve overall productivity for small-scale farmers
growing their own feed. Research collabodiet between PNG National Agriculture Research
Institute (NARI), the Australian Centre for International Agricultural Research (ACIAR), the
South Australian Research and Development Institute (SARDI) and the University of
Adelaide is now focused on providing nutritionally balanced diets of sweet potato or cassava
blended with a formulated concentrate using local protein ingredients with synthetic amino
acids and minerals. The research will assess the effects of different root starch sources and
processing methods and compare commercial breeds (e.g. Large White-Landrace x Duroc)
with mixed-genotype pigs. This paper provides a summary of the research outputs to date and

an outline of the next steps to improve pig productivity and sustainable farming in PNG.

! National Agricultural Research Institute Mainland Research Centre, Livestock Projects, Labu Station PO Box
1639 Lae, 411 Morobe Province, PNG
? South Australia Research and Development Institute, Roseworthy Campus, University of Adelaide,
Roseworthy SA 5371 Australia
® The University of Adelaide, School of Animal and Veterinary Science, Roseworthy Campus, Roseworthy SA
5371 Australia
*Corresponding author: michael.dom@adelaide.edu.au
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Introduction

The pig (Sus scrofa papuensis) has played an indispensable role in village subsistence living
and cultural interaction in Papua New Guinea (PNG) since its arrival 6,000 years ago and
subsequent domestication (Hide 2003). Through the years, widespread crossbreeding with
introduced genotypes, and transfers from one area to another for trade, has resulted in a

mixed-genotype animal which is well suited to low-input farming systems (Hide 2003).

In past decades, pigs provided very little animal protein at the household level. However, this
has changed dramatically in recent years, and household pork consumption is 11 kg per
person per annum (Gibson and Rozelle 1998). Papua New Guinea is now a net importer of

meat (Bourke and Harwood 2009), while pig production in the country has remained stagnant.

There is great potential to boost pig productivity in PNG, and a growing interest by
smallholder farmers in commercial pig production. Local production needs to be
economically and environmentally sustainable, and locally produced feeds have a major part
to play. Sweet potato and cassava are widely produced starch sources, and opportunities exist
for sourcing protein from an increasing number of fish-canning factories. These are the major
ingredients required for nutritionally balanced animal feed. There is an inherent logic to
maximising the use of such local feed resources. Converting food—feed crops and industrial
by-products into high-value feeds, recycling waste from piggeries into crop production and
using integrated farming systems are all resource efficient and will contribute to local
production which is economically and environmentally sustainable. To achieve this will
require focused research, and scientific and technological innovations. This paper summarises
past research and development (R&D) efforts, discusses the most recent outputs and sets the

future agenda to improve the productivity of small-scale pig production.
An overview of pig research in PNG

Government policy and strategic plans (MoAL 2007; NSPTF 2009) recognise the importance

of subsistence and smallholder farming in PNG, but agricultural development programs lack
12



consistency and measurable achievements do not accumulate. Productivity of this subsector
remains low relative to the yield potential of food crops and production potential of livestock
species. There remains much room for improvement in rural farming, particularly with regard

to commercialisation.

Indiscriminate and uncontrolled crossbreeding of village pigs has continued for almost two
centuries, since the arrival of European settlers and missionaries who brought livestock
species with them (Hide 2003). Early government policy supported crossbreeding of native
pigs with exotic genotypes with the aim of improving production at the village level (Hide
2003). In the absence of interventions to maintain and promote desirable genotypes of pig,
various grades of crossbred pigs are now raised in the villages. It appears that the native
genotype is becoming increasingly rare, at least as a domesticated animal. Spencer et al.
(2006) found that PNG genotypes were very diverse and Ayalew et al. (2011) noted that
village pigs are well adapted to the current village farming practices. These mixed crossbred
animals are maintained under variable conditions of housing, feed quality and disease and
parasite challenges. Despite this, they appear to perform much better than the parent
genotypes. Today, mixed-genotype pigs are the preferred production animals but their
nutritional requirements, health status and environmental performances have not been

assessed.

Village pigs thrive under low-input subsistence farming. Village pigs kept under grazing
systems grew at 190 g/day on a very simple diet of raw sweet potato and earthworms (Rose
and White 1983). Rose and White (1980) also reported high digestive capacity of native pigs
for raw sweet potato diets. The sweet potato pig feeding system enabled relatively high
production, but in the past pig meat provided little nutritional benefit as consumption was

confined to festive occasions.

Gibson (2001) reported at the turn of the century that pork meat was the most consumed meat

in PNG, at 11 kg per person per annum, a vast increase from the 0.3 to 90 g per person
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estimated 30 years earlier (Malynicz , 1973). However, Gibson (2001) stated that his analysis
was based on outdated and debatable figures from the 1996 Household Food Survey and that

this work needs to be repeated.

The source of household pig meat is often difficult to identify, i.e. whether it is produced in
the village, bought from rural/urban markets, or from a commercial fresh meat supply.
Moreover, the production and marketing chain of pig meat is undefined. Data on imported
meats provide only an aggregate value of animal products. In a mini-survey of Mount Hagen
and Lae frozen meat outlets, Dom et al. (2010) found imported cheap pork meat cuts

competing with higher quality cuts from local commercial producers.

Of the five key factors for managing and improving pig production, i.e. genetics, nutrition,
reproduction, health and environment, the research focus to date has been on nutrition and
health. Hide (2003) and Quartermain (2004) provided a bibliography of research on aspects of
pig farming in PNG over the preceeding 60 years. Surveillance on health status of pig herds is
severely lacking, but a technical document by Watt et al. (1977) and bibliographic summary
by Hide (2003) provided a comprehensive list of microbial, parasitic and nutrition-related
diseases which can be used as a starting point for further survey. The work was recently
updated by Brioudes and Gummow (2013) and Brioudes et al (2014). External factors such as
climate, temperature and humidity are expected to affect levels of pig production, given the
variable conditions and skills with which pigs are managed across lowland and highland
areas. Evidence is lacking on the effects of such stressors under PNG farming conditions but
it is generally observed that better management at the most basic level of village pig farming

allows improvement in sow reproductive performance, piglet survival and growth.

Dom and Ayalew (2009a, b) demonstrated that a diet based on locally ensiled sweet potato
starch supplementing 50% DM of maize-soybean diet led to comparable digestibility and
growth performance as sole maize-soybean diet fed to commercial pigs as well as local

mixed-genotype pigs. Additionally, Dom and Ayalew (2010) and Dom et al. (2010) observed
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pigs of two separate mixed-genotype breeding stocks and found adequate growth rates under
improved feeding with commercial pellets when housing and health were well managed at
either warm and wet lowland (average daily gain 720 g/day) or cool highland (average daily
gain 592 g/day) locations. The same authors also used copra meal and fishmeal with mixed
results, where the diets appeared to be lacking in some nutrients. The sweet potato ensiling
technology marks another major advance in pig feeding systems following the introduction of
the crop 400 years ago, and the modified Lehman feeding system of protein concentrate
supplement with ad libitum staple feed 40 years ago. Feeding fresh or dried forage and silage
of crops such as sweet potato, cassava and taro roots, and foliage such as kangkong (Ipomoea
aquatica) and legume plants (e.g. leucaena and mulberry) is supported by a great deal of

evidence in the literature and their use has also been trialled in PNG (Quartermain 2004).

While growth performance on pig feeding trials may be improved, and anecdotally successful
in a number of small-scale ventures, this result has not progressed to overall improvements in
productivity or profitability. Nutritional imbalance of livestock diets, poor availability of raw
feed materials, and high cost of essential ingredients remain major challenges to farm-level
productivity for all monogastric animals. Bourke and Harwood (2009) estimated that PNG
imports 63,000 tonnes of grain-based feed per annum, while up to 91,000 tonnes of by-
product concentrates was produced annually. Despite this apparent abundance of feed
resources, unmanageable feed costs continue to limit the development of local pig, poultry

and inland fish production.

Through collaborative research projects between the PNG National Agriculture Research
Institute (NARI), the National Fisheries Authority (NFA) and ACIAR aimed at introducing
feed mills at community level, pig feed production is now linked with poultry and aquaculture
feed production to capitalise on the combined demand from all three non-ruminant animals. It
Is anticipated that the increase in marine fish canneries in Lae and Madang will lead to greater

availability, and hopefully reduced costs, of fishmeal protein. But this is also dependent on
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sufficiently high and consistent local demand, allowing prices to be more reasonable. The
same may be said for local supply of wheat millruns, rice bran, copra meal and palm kernel

meal.

Additionally, it is argued that sweet potato and cassava root crops provide the most readily
available local feed resources for small-scale producers, and efforts to improve their
nutritional value are the current best option. Improved production performance of pigs,
poultry and fish on test diets at NARI Livestock Research Station indicate that the use of root
starch from sweet potato and cassava combined with animal proteins, grains, minerals and
synthetic feed micro-ingredients may provide economically attractive options for commercial

monogastric animal production in PNG.
Current research projects

There are currently two ACIAR-funded collaborative livestock projects in PNG: one to
improve surveillance of animal diseases (AH/2006/157) and another to develop feeding
systems to support pig, poultry and fish enterprises (ASEM/2010/53). The first project is led
by the PNG National Agriculture Quarantine Inspection Agency (NAQIA) and James Cook
University. The second is a collaborative project between NARI, NFA, local NGOs (Christian
Leaders Training College, Lutheran Development Services, Ok Tedi Mining Limited),
SARDI and ACIAR. It includes postgraduate research through the School of Animal

Veterinary Science of the University of Adelaide.

The animal health surveillance project (AH/2006/157) facilitated the collection and reporting
of signs of disease in the country’s livestock by introducing simple checklists and providing
training to livestock owners and animal health auxiliary staff in provincial departments,
commercial livestock companies and NGOs. This will expand the reach of government
animal health staff, assist with documentation and assessment of PNG’s animal health status
for endemic animal diseases, and facilitate more rapid reporting of exotic diseases and
outbreaks of newly emerging diseases (which may be zoonoses, affecting both animals and
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humans). Improved information on disease distribution, prevalence and incidence will also

greatly assist in disease control programs.

The feeding system project (ASEM/2010/53) is identifying local resources that could be
utilised more effectively for feeding fish, pigs and poultry. The aim is to encourage the
establishment of small-scale feed mills and develop cheap, balanced diets based mainly on
local feed resources rather than imported ingredients. In particular, the project extends the
feeding value of sweet potato and cassava in blended concentrates for poultry, pigs and inland
fish production. For improving pig feeding systems, current research is looking into providing
nutritionally balanced diets of sweet potato or cassava blended with a formulated concentrate
using local protein ingredients with synthetic amino acids and minerals. The research assessed
the effect of different root starch sources and processing methods and compared the
performance of commercial breeds (e.g. Large White-Landrace x Duroc) with mixed-
genotype pigs. Similar research has been completed for broiler feeding systems and is being
advanced for layer birds (J. Pandi, unpublished data); and similar work is also planned for fish

feeding systems, particularly for tilapia (Oreochromis niloticus).

Pig productivity and on-farm profitability using various available feed resources (e.g. sweet
potato, cassava, banana, copra meal and by-products) will be evaluated. Diets based on least-
cost feed formulation will be tested at institutions and on-farm to identify those which result

in the most profitable pig production.
Trends in pig production and consumption in PNG

FAOSTAT (2013) data indicate that, after a rise in 2005-06, meat production in PNG has
remained stable over the last five years (Table 1). Demand for poultry is obvious from
increased importation when trade tariffs ended. Similarly, increasing demand is predicted for
pig meat, although there was a decline in 2009 (data not shown). Game meat, from fishing
and hunting, is a major source of protein for rural households, particularly in remote areas and

where fishing is convenient; but this may change with rural development.
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There has not been an official livestock census in PNG since the early 1970s. According to
the PNG census in 2000 (NSO 2002), of the 600,000 livestock farmers 60% are engaged in
pig production. Table 2 provides a break-down of the different types of pig production,
including figures from Bourke and Harwood (2009) who updated the estimates based on
number of sows. The smallholder sector has two broad categories: 360,000 traditional farmers
(i.e. individual herd owners) engaged in non-commercial farming, and another 2,000
household farms providing irregular supply to local markets, in addition to 100 commercial

farms.

Table 1. Meat production in PNG from 2005 to 2011 (tonnes).

Year | Game Pig Cattle Sheep | Goat Chicken | Duck | Cow milk,
meat meat meat meat meat meat meat whole, fresh

2011 | 355,000 | 76,000 | 3,210 27 11.4 5,760 14 180

2010 | 355,000 | 74,000 | 3,210 27 114 5,850 14 180

2009 | 380,000 | 72,000 | 3,210 27 12.0 5,940 14 185

2008 | 375,000 | 70,000 | 3,210 27 11.25 5,940 13 180

2007 | 365,000 | 70,000 | 3,210 27 11.25 5,850 13 175

2006 | 355,000 | 68,000 | 3,165 27 11.25 5,850 13 170

2005 | 330,000 | 68,000 | 3,135 30 11.25 5,670 13 165

Source: Available at http://faostat3.fao.org/browse/area/168/E

Table 2. PNG pig industry structure and characteristics.

Holding type | Herd No. of herds No. of pigs | Trends Breeds
size
Smallholder, | 1-20 360,000 1,800,000 | Static. May be | Native
traditional increasing  with
human population

Smallholder, | 1-3 1,000 (2,000%) 2,000 Growing slowly Native,
penned, (4,000") crosshred™
household
Smallholder | 10-100 |50 (100%*) | 2,000 Growing slowly Modern
commercial (including (6,000") commercial

prisons and high

schools)
Medium- 100-500 |4 1,500 Static Modern
scale (3 institutional) | (2,000") commercial
commercial
Large-scale | >500 7 20,000 Static Modern
commercial (2,500 commercial

SOWS™*)

Source: Quartermain and Kohun (2002).
* Updated figures from Bourke and Harwood (2009).

** Authors’ observations.
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http://faostat3.fao.org/browse/area/168/E

Value chain assessment of pig production is recommended based on the classification
provided by Quartermain and Kohun (2002) (T. Simos, pers. comm. 2012), and an example
value chain map is presented in Figure 1. While conducting value chain assessment requires

extensive surveys and market research, there are some available data from which estimates

can be made.
N
Imported Western
feeds: 32,000 Highlands &
o Morobe
tonnes pa

Province:

Local feeds:
52,200 tonnes
pa

piggeries (<10)

Veterinary/
Health
inspections:
NAQIA

Breeding stock
maintained:
growing stock
produced

Growing stock
purchased
from breeder
farms

Low contribution
to 32,000 pigs
provide 2,300
tonnes of pig
meat per year
(Kohun and
Quartermain,
2002}, valued at

K16.1 million

NARI established first five mini-mills in PNG: Domil (Jiwaka, 2010), Avi (WHP, 1200 tonnes pa
2011), Labu (Morcbe, 2010), Tambul (WHP, 2011), Moses — HFPA (WHP, 2012).

Figure 1. An example of a value chain map for small-scale pig production in Lae (Morobe)
and Mount Hagen (Western Highlands). Source: Michael Dom and Theo Simos, for ACIAR

project ASEM/2010/053.

Tables 3 and 4 give selected data on meat production and consumption from the 1996
National Household Survey. Total (commercial) meat production in 2005 was estimated to be
58,000 tonnes with an additional 30,000 tonnes in imports, giving total meat consumption of
88,000 tonnes (Bourke and Harwood 2009). On that basis, Bourke and Harwood (2009)
calculated average meat consumption of about 15 kg per person per year. But Gibson (2001)

used the PNG Household Survey data to show that 60,000 tonnes of pork were produced and
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valued at 243 million kina (Table 3). Originally, Gibson and Rozelle (1998) had estimated the
value of meat produced by households at 263 million kina or A$122 million. FAOSTAT 2013
figures extrapolated pork meat production to 68,000 tonnes per annum (Table 1), but given
the recent population census figures and an average pig meat consumption of 11 kg per
person per annum (Gibson 2001), the total supply falls short by 10,000 tonnes. This indicates
that an extra 38 million kina (A$18 million) worth of pig meat is required to satisfy the
market demand. At an average carcass weight of 50 kg that means an additional 200,000 pigs,

which is beyond the capacity of the large-scale commercial piggeries.

Table 3. Selected data for meat production from the 1996 National Household Survey.

Meat Quantity Value
(‘000 tonne) (kg/person) (eIl S)
Pork 60+ 11 12 243 + 47
Chicken 4+1 1 207
Other meat (incl. bush meat) 164 3 26 £ 7
Fish (fresh, dried, shellfish) 50+12 10 60 £ 17

Source: Gibson (2001).

Table 4. Selected data for meat consumption from the 1996 National Household Survey.

Meat Total value Quantity

(million kina) (kg/person/year)

PNG | Rural | Urban | PNG | Rural | Urban
Lamb and mutton 59 36 24 5 4 10
Pork 162 158 5 11 13 2
Chicken 113 72 42 6 5 13
Bush meat and other unspecified meat 33 27 6 5 5 3
Fish (fresh, frozen, dried, incl. shellfish) | 60 34 26 10 8 21

Source: Gibson (2001).

Table 5 shows available feed for livestock, although the list is not exhaustive, for example
rice bran and spent brewer’s grain are not included. Imports of wheat, soybean meal and
sorghum for feed are significant, and more data need to be gathered from PNG and Australian
customs, local companies importing feed/food ingredients and local food/feed factories.
Estimated volume and retail value of imported and locally manufactured livestock feeds are

shown in Table 6. Pigs, poultry and inland fish are the main livestock groups given milled
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feed. Using the average retail value of pig and poultry feed, Bourke and Harwood (2009)

calculated that pigs consume only 20% of stock feeds while the bulk may be assumed to go to

feeding poultry. Feed demand for inland fish farms is not yet determined.

Table 5. Available feeds for domestic pigs, poultry and fish.

Feed Protein content (%) Volume (tonnes)
PNG millrun 12 33,000

PNG copra meal 21 21,000

PNG oil palm kernel meal 18 31,000

PNG fishmeal 58 6,000

Imported sorghum Unknown 26,000

Rumion maize 11 5,800

Total available feed material - 122,800

Source: Bourke and Harwood (2009).

Table 6. Feed supplied in PNG and estimated retail value using Lae and Mount Hagen

pricing.

Source VVolume (tonnes) Retail value in Retail value in Lae
Mount Hagen | (000’s kina)
(000’s kina)

Three Lae feed mills local” | 52,200 128,542 116,177

Rumion maize local ™ 5,800 4,060 4,060

Complete feed imported” | 37,000 91,112 82,348

Feed supplied 95,000 223,715 202,585

Feed used in pig production | 19,000 44,743 40,517

(20%)

Source: Bourke and Harwood (2009).
Note: Estimates of retail values are based on average cost of feeds at *2.46 kina and **0.70 kina per kg.

Feed supplied is not the actual total available feed in the country, but the off-take that mills in PNG take from the
available and imported feed resources.

The estimate by Bourke and Harwood (2009) that only 20% of stock feed in the country is

used for pig production is very low considering the number of herds. Papua New Guinea

produces 91,000 tonnes of by-product (protein) concentrate feed (Table 5), 52,200 tonnes of

stock feed from local mills and imports 37,000 tonnes of feed (Table 6). Improved feeding

practices in the dominant smallholder livestock sector will demand more use of local feed

resources and this may be achieved at commercially competitive rates or may require policy
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intervention to favour local feed manufacturing. Quartermain and Kohun (2002) emphasised
that feed is 80% of the cost of raising livestock and is the number one priority for livestock
research. Given that a growing proportion of agro-industrial by-products with good feeding
values (copra meal, millrun) are being exported, an analysis of the market value of exported
feed resources would be a valuable contribution to better understanding the macroeconomic
impact of importing feeds.

At the smallholder level, farmers are able to source the bulk of energy feed from their own
crops or from local markets. The two main energy feed crops are sweet potato and cassava.
Annual production of sweet potato is estimated at 2.8 million tonnes (Bourke and Vlassak
2004), and 30-70% of the roots may be fed to pigs (Hide 2003; Bourke and Vlassak 2004),
mainly in traditional unimproved diets on village and small-scale farms. Cassava production
is much lower at 271,895 tonnes per annum (Bourke and Vlassak 2004) and is grown mostly

in dry areas of the lowlands where it is a valuable drought food and feed crop.

There is good opportunity to make more efficient use of excess and waste/spoiling sweet
potato and cassava tubers and foliage for on-farm feed production or for marketing to
smallholder piggeries, if simple processing equipment and storage techniques are accessible at
smallholder level. Root and foliage ensiling or drying technology may enhance the feed value
of these perishable crops. Hansen et al. (2001) suggested that as much as 1.5 million tonnes of
sweet potato is used as pig feed annually, a volume which does not include the feed that may
be obtained from crop losses to disease damage, unmarketable tubers, damaged tubers and
market wastage, and also not including vine yields. By our calculation, converting Bourke and
Vlassak’s (2004) fresh tuber yield to dry matter feed suggests that as much as 225-
630 million kg of sweet potato is available for pig production annually. At the high level offer
of 4 kg dry matter diet component for say 200 days, which is enough starch feed for 315,000—

735,000 pigs of 60—70 kg finished weight.
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Local sweet potato cultivars, including 10 promoted by NARI, are capable of producing 13—
15 tonnes of roots per year (Bourke and Vlassak 2004), although yields may be below this
due to high pathogen levels in the plant. Cleaning of planting material by tissue culture
techniques has been shown to overcome this problem (NARI Aiyura 2011; unpublished data).
It is notable that leaf and vine from these cultivars may be almost twice the fresh weight yield

of tubers (Dom and Ayalew 2009b).

A number of pig feeding trials by the NARI livestock research program have demonstrated
the ability of local mixed-genotype pigs to perform well on mixed diets of sweet potato, giant
taro, rice bran, copra meal, wheat millrun and fishmeal. Growth rates improve but vary
considerably with nutrient content of the diet. In addition, productivity is markedly improved
when better housing is provided and better health status is achieved. Genotype, nutrition and
environment are the focus of present research interest, particularly for the local growing pigs
produced by commercially oriented smallholder farmers in the highlands and lowlands of

PNG.
Pork meat markets

The pig meat market has not been thoroughly assessed in the same way as the red meat
industry, for instance (Vincent and Low 2000). This would be a major activity under the
suggested value chain assessment and a key step for setting strategic targets for smallholder
pig producers. As an example of a domestic market, data from the mini-survey of Mount
Hagen town by Dom et al (2010) are given in Table 7. The data include source, cuts of meat
found in freezer sections and unit prices, but do not include the volume of meat at each outlet.

It is quite feasible to carry out similar surveys in other urban centres nationwide.
The main consumer demand is for pork from 60-70 kg finished pigs, i.e. relatively small pigs.

Whereas the growing-finisher period is recognized as the most costly in terms of feed
requirements the lower finishing weight mean shorter feeding periods of up to six months.

Hence, improving the feed efficiency using cheaper local ingredients partly supplied on-farm
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may favour small-scale pig farming. If we extend our earlier calculations the estimated range
of potential pork meat production using local feed resources, at an average of 75% carcass
yield, is 236,250 to 551,250 Kkg.If earlier calculations on sweet potato fresh root total
production are extended, the estimated range of potential pork meat production using local

feed resources, at an average of 75% carcass yield, is 236,250-551,250 kg.

Table 7. Wholesale and retail prices of pork at selected outlets in Mount Hagen town,

Western Highlands Province in September 2009.

Supplier Pork cut Price (kina) Quantity Source
Best Buy Hock 9.45 Per kg Imported
Leg 18.50 Per kg Lae
Loin 17.50 Per kg Lae
Belly 18.50 Per kg Lae
Fillets 26.90 Per kg Lae
Tail 10.95 Per kg Imported
Jowl 9.75 Per kg Imported
Leg ham 31.70 Per kg Pelgens*
Kera Freezers Jowl 12.00 Per kg Imported
Renbo Store Jowl 9.45 Per kg Imported
Tail 9.45 Per kg Imported
Bintangor Loin 15.50 Per kg Imported
Jowl 11.00 Per kg Imported
Head 39.80 Per kg Imported
Belly 15.50 Per kg Imported
Kange Freezers Jowl 10.00 Per kg Imported
Main Market Freezers Jowl 12.00 Per kg Imported
Plaza Freezers Jowl 9.80 Per kg Imported
Meat cuts 193.00 22.7 kg ctn Imported
Jowls (bulk) 115.00 13 kg ctn Imported

*Pelgens German Smallgoods is the local specialist for bacon and ham products from their own piggery.

Source: Dom et al. (2010).

Smallholder farmers earn income from live pig sales, usually of large (>100 kg) fattened pigs.
There is a need for economic assessment of informal live pig sales which contribute the bulk
of smallholder business. This market tends to be irregular, to be prone to higher pricing which
may not be based on costs of production, less likely to ensure quality product, and to be
inconvenient for consumers. Experienced farmers reflect that the much higher average unit
prices offered to live sales of fattened pigs is discouraging engagement of smallholder

piggeries in the formal pork market, since carcass prices are lower. As a result smallholder
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farmers are reluctant to produce larger pig herds in continuous cycles. This is compounded by
a lack of proper slaughter and freezer facilities available to smallholders. These are business
and management aspects that could be addressed by collabodiet of research and extension

agents.
Future R&D agenda

The following areas are suggested for further R&D in pig production in PNG. These represent

the impression of the authors on the best way forward for improving local pig production.
Genetics

Despite the economic, cultural and historical significance of pigs in PNG, knowledge about
genetic attributes, differentiation and production capacity of indigenous pigs is very limited
(Ayalew et al. 2011). Recent molecular genetic studies (Nidup 2011) reveal that PNG
indigenous pigs retain a reasonably high level of genetic structure and diversity. This is
similar to that of feral pigs (Spencer et al. 2006) to the extent that indigenous and feral pigs
are considered as a single genetic pool. Decades of well-intended, but poorly designed,
government-sponsored programs to promote crossbreeding of indigenous pigs with selected
exotic breeds have resulted in a broad admixture of various grades of crossbred pigs in
traditional smallholder farms. The rather small average sizes of smallholder pig flocks
restricts genetic selection of replacement breeding stock. Regardless of this, the larger body
size and faster growth performance of these crosses have attracted strong interest from the

rapidly increasing number of smallholder commercial pig growers.

There is a lack of suppliers of breeding stock as well as growing pigs to meet current and
immediate future demand. The few major commercial piggeries are opportunistic suppliers of
a limited number of breeding boars and gilts at relatively high prices. The establishment of a
viable commercial pig breeding enterprise is essential to counteract the continued haphazard
spread of exotic and crossbred pig genotypes, not only in market corridors but also in

unaffected PNG indigenous pig populations. About 19% of local pigs, even in remote
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villages, are known through pedigree checks to have an admixture of genotypes with some
distant exotic parentage (Ayalew et al. 2011). Long-term indigenous pig genetic evaluation
and improvement activities are essential to prevent further genetic erosion of PNG indigenous
pigs. This will not only preserve the genetic resource base but also provide parental lines for
sustainable crossbreeding programs. Targeted crossing of adapted local genotypes with
improved exotic ones is a proven breeding strategy to meet the needs of a rapidly expanding

pork markets where commercial piggeries cannot satisfy the demand, as is the case in PNG.

Genetically improved animals need effective nutrition, basic health care and hygiene, and safe
housing in order to perform to their full genetic potential. Objectives for improved production
performance include improved reproduction, satisfactory growth rate, increased feed
efficiency, acceptable back fat depth and greater carcass yield, all of which are influenced by

the interplay of genotype and environment.
Nutrition

Local feed resources are available in PNG that could be utilised more effectively for feeding
pigs, and include root crops, fruit, forages, bush plants and vines. Farmers could also
introduce new crops and use pasture species with higher nutritional value for pigs, for
example sorghum, mungbean, pigeonpea, sunflower and amaranth (Cargill 2008; Glatz 2007).
Effective diets for village pigs can be devised based on the availability of feeds, and farmers
can be educated on feeding management. Three pig feeding strategies could be adopted by
smallholders: (1) complete diet formulation using local feed ingredients; (2) development of a
concentrated diet that can be blended with local feed ingredients; and (3) dilution of a

commercial diet with locally available food products.

In PNG, sweet potato is the main feed source for pigs. The existing sweet potato pig feeding
systems exhibit several problems, notably low fertility rates and slow animal growth rates.

This may be caused by unbalanced and erratic feeding regimes and health problems. Basic
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diets containing ensiled sweet potato vines and tubers can be supplemented with a range of

locally grown crops and herbage to increase the protein content of the base diet.

Taro (Colocasia) foliage is a protein forage option, while giant taro (Xanthosoma) is fed in
high-rainfall areas where it grows abundantly. Work by ACIAR in West Papua is
investigating local resources for pig diets, for example pasture grasses Sundaleka (Puerasia
cephaloides), Wurikaka (Centrosema sp.) and Jirikpuruk (Calopogonium sp.) and fodder trees
Dadap (Erythrina variegata) and Gamal (Gliricidia sepium), plus vegetables in season and
chopped banana trunks, and is relevant for PNG. Other ingredients, such as kangkong
(Ipmoea aquatic), mulberry (Morus sp.) and kikuyu grass (Pennisetum clandestinum) are used

by some farmers and are worth investigating.
Health

There is a paucity of updated animal health and disease surveillance reports and research on
modern animal diseases which may impact on livestock and zoonosis with implications for
human health in PNG. Hide (2003) provides a comprehensive summary of veterinary work in
PNG from 1938 to 2002. Brioudes and Gummow (2013) provided a bibliography of domestic
animal disease research conducted in Pacific island countries. Brioudes et al. (2014)
conducted a detailed assessment of animal disease risk in the Pacific. A number of technical
studies found that confinement tends to exacerbate disease at village and smallholder levels.
The effect of health status on productivity of smallholder commercial piggeries has not been
assessed, but anecdotal accounts indicate it may be significant. While animal health
surveillance will identify disease prevalence, individual smallholder farmers are still unable to
afford the cost of most common veterinary drugs, even when they are available from local
suppliers. For example, Ivermectin® is sold at up to 452.60 kina (A$216.46) for 200 ml. Also,
oral Ivermectin®, which may be more effective, is not available. Some innovative means of

supplying veterinary drugs needs to be implemented. In addition, the lack of veterinary staff
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nationwide and the high cost of veterinary services mean that most farmers are not well

assisted to administer drugs or manage stock in more effective ways to prevent disease.

Bacterial pneumonia is common and aggravated by poor nutrition and high parasite burdens.
Other diseases, such as anthrax, brucellosis, salmonellosis, Streptococcus suis, enteric
bacterial infections, swine pox and rotavirus, reportedly occur in isolated cases, linked to
poorly managed intensive units. There is notable zoonotic threat from Indonesia’s Papuan
border for diseases such as rabies and rotavirus. Internal and external parasites are prevalent,
and Watt et al. (1977) identified large round worm, kidney worm, stomach worm, nodule
worm, lung worm, sarcoptic mange and lice. Infestation by screwworm flies and porcine
Coccidia are common, whereas Trypanosoma evansi is considered to be absent. Watt et al.
(1977) also recognised nutrition-related diseases, particularly affecting young piglets, namely
deficiencies in calcium, phosphorous, iodine, iron and vitamin A. Brioudes et al. (2014)

reached some of the same conclusions in their updated literature review.
Environment

Environmental factors that influence pig performance, including temperature, aediet and
space, may be controlled by appropriate housing design. Outputs of gaseous, liquid and solid
effluents affect the piggery and surrounding environment, and are an important management
considediet when planning to increase the number of stock under commercial production.
Integrated farming systems that recycle the nutrients in piggery effluents are potentially very
beneficial in small-scale systems and worth investigation. The traditional sweet potato—pig
system has done this for centuries. Intensified farming requires research to better understand
the environmental impacts for crop nutrition as well as animal and human health within

integrated systems.

Housing material and design are important for managing disease in local pigs because disease
vectors become more concentrated within intensive units. Early work by Malynicz and Nad

(1973) on different aspects of housing native and crossbred pigs should be revised to improve
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management standards for the current mixed-genotype pigs. Simple recommendations may be
made from the exisiting literature and would be valuable for extension training. In particular,
the housing and nutrition needs of sows vary according to their reproductive cycle. Sows and
gilts are the basic production units, and it is fundamentally important to evaluate their health
status, which indicates that of the piglets and thereby the entire herd (ignoring external
disease vectors). Mating boars may be shared or feral pigs, and unless appropriate health

standards are set, may introduce other diseases to the domestic herd.
Reproduction

Reproductive performance appears to be neglected at the research level, although skilled local
farmers are well aware of the need to provide special care and attention to pregnant and
lactating sows. According to reports summarised by Hide (2003), gilts are usually about a
year old before their first breeding, gestation is up to 120 days and birth is mostly unassisted.
The average litter size is three to six piglets for village pigs, whereas on commercial farms
litter sizes can be 10 piglets or more. Field observations show that survival after weaning
tends to be lower for smallholders. Weaning age is variable, from four weeks to three or even
six months, depending on management. Litter intervals and pregnancy ratios are also variable,
where traditional husbandry practices also restrict breeding. Assessment of pig reproductive

performance in PNG is a potential research area.
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Abstract

Sweet potato (SP) and cassava are increasing in importance for livestock production.
Feeding high levels of SP and cassava roots and forage to non-ruminant pigs produces
variable animal performance mainly because of increased dietary fibre as resistant starch,
non-starch polysaccharides and lignin. In addition, other anti-nutrients and their inherent
physicochemical variability and interactions with other nutrients, particularly amino acids, in
the digestive system impact on pig performance. The impact of dietary fibre on energy
digestibility and nutrient utilisation in pigs is an active field of investigation. Growing pigs
require a high level of digestible energy which can be supplied by SP and cassava roots, while
complementary protein sources can supply the required amino acids. The interaction between

dietary fibre and proteins and the different modes of digestion, fermentation and absorption of
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starch and NSP’s will determine their contribution to growing pig energy and nutrient
utilisation. Processing may reduce anti-nutritional factors, and ensiling to store fermented
feed may also provide benefits to gut health. Diverse crossbreeds and tropical environments
are a challenge to pig production, however, determining the nutrient requirements of local
mixed genotype pigs to reduce costs of feed can improve the productivity and profitability of
smallholder pig farming in Papua New Guinea (PNG) and other Pacific Island countries and
territories (PICT). This review examines the factors influencing nutrient utilisation in the pig
digestive system to develop an understanding of the feeding value of SP and cassava in mixed

genotype growing pigs under smallholder production in PNG and other PICT.

Keywords: Cassava, digestion, fibre, growing pigs, starch, sweet potato
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Introduction

Agricultural production in many tropical countries is characterized by mixed crop-
livestock systems where the staple root crops, including sweet potato (Ipomoea batatas L.
(Lam)) and cassava (Manihot esculenta Crantz) are essential food-feed resources for humans
and for pigs (Scott et al. 2000a, b). Smallholder farming of local pigs makes a significant
contribution to household livelihoods and local economies. In the face of rising costs of grain
in pig feed it is vital that the use of local animal feed resources is exploited for maximum
economic gain. This is even more critical in the Pacific Island Countries and Territories
(PICT) which are heavily reliant on imported goods, including grains which are used in
livestock feeds. Common root and tuber crops and tropical forage feeds have a lower
nutritional value on a dry matter basis, are higher in dietary fibre (DF) and also contain anti-
nutritional components, particularly trypsin inhibitors in sweet potato (SP) and cyanogenic
glucosides in cassava. In contrast, the agro-by-products copra meal, palm kernel meal and fish
meal are less utilized locally due to their greater income earning as export products.
Nevertheless, these food resources may be used cost effectively for local pig production and
pigs have thrived on these feeds. A unique opportunity to improve pig production is afforded
by the ubiquitous mixed genotype pigs kept by farmers in countries such as Papua New
Guinea (PNG), where indigenous pigs have been crossed with introduced breeds for at least
40 years with likely adaptations to the prevailing management and feeding systems. The
indigenous and mixed genotype pigs are noted for their resistance to prevalent disease
pathogens and parasites (Hide 2001; Ayalew et al. 2011). Acclimatization to cooler locations
and adaptation to heat stress in tropical climates contributes to pig performance in feed
efficiency for protein and lipid accretion (Renaudeau et al. 2006, 2012). Moreover, DF also
influences physiological and morphological adaptations in pigs. Guixin et al (1995) predicted
that differences in digestive capacity of genotypes are likely, given the differences in the

genetics and environmental conditions where the pigs are farmed. They further emphasized
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that the interaction between animal genotypes and diet characteristics in the utilisation of feed
nutrients is of great importance for effectively using feed resources and accurately
formulating diets. Kyriazakis (2011), Noblet et al. (2013) and Lindberg (2014) suggested that
growing pigs could be bred for improved digestibility of high fibre diets. Mixed genotype
pigs farmed in PNG and other PICT may have enhanced digestive capacity for utilisation of
fibre in root and forage crops such as SP and cassava. Additionally, it is imperative to
determine the amino acid requirements of mixed genotype pigs compared to commercial
breeds, as influenced by the digestion of starch and fibre, because protein feeds are the most
costly ingredients and usually sourced off-farm. However, even when provided the best
nutrient balance in a diet it is recognized that genotype, environment, management and health
factors will determine how effectively dietary nutrients are used for maintenance and
production. The components of the pig digestive system, the site of digestion and absorption,
their size, the enzymes present, the rate of passage of digesta through the tract, and presence
and composition of microflora all have varying effects on the outcome of digestion and hence
nutrient utilisation. This review examines the factors influencing nutrient utilisation in the pig
digestive system in order to develop an understanding of the feeding value of SP and cassava

in mixed genotype growing pigs farmed under smallholder production.

Digestion in growing pigs
Digestive capacity

Digestive capacity is controlled by genotype (viz. fat or lean types), age, weight, sex
and exposure to diets. Differing capacities in foregut and hindgut digestion between dissimilar
breeds or classes of pigs will influence the digestibility of different types of diets (Freire et al.
1998, 2003; Ngoc et al. 2013). Figurel illustrates the effect of different DFs (nhon-starch
polysaccharides [NSPs] and lignin) in the stomach and small and large intestines. While there

is ample evidence of similar physiology and nutritional needs of pigs across genotypes there
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is also evidence that diet influences endogenous secretions (Zebrowska et al. 1983; Freire et
al. 1998; Low 1989), modifies the physiology and morphology of digestive organs (Jin et al.
1994; Barea et al. 2011; Ngoc et al. 2013) and diversity of microbial populations (Freire et al.
2003; Piva et al. 2006; Metzler et al. 2009). In addition, distinct genotypes may respond
differently to dietary manipulation (Fabian et al. 2003). The interactions of the various
carbohydrates with digestive sites, enzymes and amino acids and influences on the

performance and gut health of growing animals is illustrated in Figure 2.

Site of digestion

Nutrient mouth stomach small intestine large intistine excreted

Dry Matter

Starch

absorption
acid enzymatic digestion and
digestion and absorption fermentation

Soluble fibre +

increased reduced fermentation
viscosity, reduced absorption,
gastric emptying some

Insoluble fibre
increased not digested,

chewing and increased gastric not digested, some fermentation,
saliva emptying bulking of digesta, reduced transit time

Energy loss loss additional gain (WVFA's)

Fig. 1 Effect of sweet potato starch and dietary fibre on nutrient utilisation in the grower pig
gut (the thickness of the columns indicates where substrates are retained longer during

digestion.)

Improvement in the digestive efficiency of pigs via microbial hindgut digestion may

be an advantage on small-holder farms where indigenous breeds and crossbred genotypes pigs
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are fed diets high in starch and fibre and are generally inbred in small herd sizes (Ayalew et
al. 2011). Using high levels (above 50% DM) of SP and cassava roots and forage in pig diets
is expected to produce variable animal performance because of the higher starch and dietary
fibre (as resistant starch, NSPs and lignin), and their inherent physicochemical variability
(Tables 1-3). Therefore, it may be possible to improve pig and herd performance in growth
and reproduction by selecting the best performing growing animals for improved energy

digestibility using local feed resources, which are also more economical.

Digestion in the stomach

Intensive work by Zebrowska et al. (1983) and Low (1989) established that feeds high
in DF will increase secretions from the salivary glands, stomach, liver, exocrine pancreas and
the intestinal wall. In general, the rate of digestion and emptying of the stomach contents
influences digestive process in the small intestines. Gastric emptying rate into the duodenum
was influenced by the presence of soluble fibre (e.g. B-glucans), which may slow gastric
emptying of digesta in the liquid phase, but starch digestion was not affected (Johansen et al.
1996). Soluble DF does not affect retention time in the stomach or the small intestine but
insoluble fibre (e.g. cellulose and lignin) decreases mean retention time in the ileum (Wilfart
et al. 2007a; Ngoc et al. 2013). Then again, increased bulk density and water-holding capacity
of high fibre diets leads to early and prolonged satiety (Wenk 2001; Bindelle et al. 2008). The
extent of starch digestion and fermentation in the pig stomach may vary depending on the
source and type of carbohydrates (Choct 2001; Wilfart et al. 2007b; Metzler et al. 2009).
Longer retention time of digesta in the stomach enhances the likelihood of favourable
microbial fermentation, which also depends on the source of carbohydrate, how the starch is
processed and the species of bacteria present (e.g. at low pH lactobacillus are active)
(Ratcliffe 1991; Metzler et al. 2009). Zijlstra et al (2012) concluded that the variable

physicochemical composition of DF and starch increases the complexity of their functional
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and nutritional role in pigs as digestible and fermentable sources of energy. Excess lipids may
also slow gastric emptying (Zebrowska et al. 1983), but lipids are readily absorbed in the
small intestines. Under smallholder farming, pigs managed in semi-permanent enclosures may
obtain considerable amounts of lipids, for example by foraging on earthworms
(Pontoscolexchorethrurus) (Rose and Williams 1983) and snails (Achatina spp.), when
offered feeds like avocados (Persea Americana) or coconut (Cocos nucifera) meat, or from
added ingredients such as cooking fats and oils (Freire et al. 1998).

Feeding pigs to satisfaction on SP and cassava with additional forage material
provides a diet high in starch and fibre. With additional protein ingredients this will lead to
increased digestive fluids, viscosity and digesta retention in the stomach, consequently
affecting the digestibility and the rate of nutrient absorption at the small intestine. Provided
that the pH in the pig stomach is low an increased gastric retention may provide a suitable

environment for beneficial microflora and slower release of digestible nutrients.

Digestion and absorption in the small intestine

Choct et al. (2010) determined that digestion and absorption of nutrients, particularly
of amino acids, is affected by viscosity of soluble fibre or non-starch polysaccharides (NSP’s)
but the effects were not as obvious in growing pigs as they were in weaned piglets. Energy
and nutrient digestibility are lowered when DF level is increased. However, the type of starch
(van der Meulen et al. 1997a, b; Li et al. 2008) and presence of soluble or insoluble DF are
modifying factors (Schulze et al. 1994, 1995; Rideout et al. 2008). The solubility of starch
and DF is dependent upon several physicochemical parameters, only a few of which are
shown in Table 1. Two key properties for solubility of the starches are the presence of
amylose chains and grain size, which are more advantageous in SP root starch. Dhingra et al.
(2012) and Moongnagarm (2013) provide reviews of starch and resistant starch (RS), and DF,

respectively. SP roots contains more DF as resistant starch than cassava roots (Table 2). The
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source of starch, RS and NSPs affects the absorption of amino acids and glucose at the portal
vein (van der Meulen et al. 1997a, b). DF (NDF) reduces ileal digestibility of amino acidsbut
not the portal flux of digested amino acids, also NDF energy presumably improves utilisation
of ileal digested amino acids but absorption is not affected (Lenis et al. 1997). Starch
digestion is mostly completed in the small intestine, up to 99% according to Johansen et al
(1996). However, Wiseman (2006) noted variations in small versus large intestinal
digestibility of starch in pigs. RS and undigested fibre pass into the large intestine where it
becomes a substrate for microbial fermentation (Varel et al. 1982; Rideout et al. 2008).
Physicochemical properties of starch and interactions with other nutrients are complex
(Tables 1-3 and Fig. 2) but generally, amylose starch molecules are more resistant to
enzymatic digestion whereas amylopectin starch is more readily digestible (Keys and
DeBarthe 1974; Tian et al. 1991). Furthermore, bacterial populations and their diversity are
susceptible to changes in the carbohydrate composition of diets, specifically DF (Varel et al.
1982; Metzler et al. 2009). DF directly interacts with the peristalsis motion and mixing of
digesta in the small intestine. Considerable evidence suggests that the transit of digesta in the
hindgut is accelerated by DF (Wenk 2001; Wilfart et al. 2007b). DF is also known to cause
physiological changes in the organs of the digestive tract of pigs for which adaptations have
been identified (Freire et al. 1998; Barea et al. 2011; Ngoc et al. 2013) and likely may be
found in PNG’s indigenous crossbred pigs (Rose and White, 1980). The addition of soluble
fibre to pig diets increases pepsin, pancreatic trypsin, amylase activity and other digestive
juices while insoluble fibre affects gastrointestinal morphology, size and weight (Zebrowska
et al. 1983; Low 1989; Rijnen et al. 2001). Effective functioning of the pancreas is
particularly vital for protein digestion and regulation of competitive microbial growth on
undigested protein (Rerat et al. 1996; Pierzynowski et al. 2006). High starch content in feeds
such as SP and cassava will provide DE for improved digestion, however, the presence of
different types and levels of NSP’s and RS (Tables 2 and 3) may also affect absorption of

nutrients and fermentation in the lower gut (Fig.1 and 2).
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Table 1 Some physicochemical properties of sweet potato (SP) and cassava starch

Grai Pastin  Peak
Food Protei Fats Ash P Amylose n Grain g viscosit
source n@) (%) (%) (%) (%) Size  shape Temp. vy
(nm) G (RVU)
sStZrcha 014 014 021 0014 226 139 polygonal 724 281
Cassava 50 15 o021 2090 ggg 158 round 674 263
starch 7
(Sgpc'\r/‘?g)tf - - - - 19.8 148 - 79.03 141
Cassava
roots - - - - 26.5 127 - 68.05 177
4 cv’s)®
Yam
roots - - - - 23.1 259 - 75.13 372
(3cv's)”
Sources: Peroni et al. (2006)%, Wickramasinghe et al. (2009)°
Table 2 Different starch compositions in various foods (g/100g)
Food source Resistant Starch 'S\I t(;r:‘;ieswtant Total Starch Amylose
Waxy rice 2.7 72.0 74.8 2.1
Corn (sweet) 1.2 35.1 36.2 195
Sweet potato 3.2 494 52.5 28.1
Cassava 9.7 56.0 65.7 23.8
White yam 4.3 53.7 58.0 17.3
Lesser yam 23.3 195 54.7 26.2
Taro 4.1 59.6 63.7 16.8
Source: Moongnagarm (2013)
Table 3 Dietary fibre of various food sources (g/100g)
Food source Total Insoluble Soluble
Barley (dry)” 36.7 28.7 8.0
Barley 17.3 - -
Corn 134 - -
Oats 10.3 6.5 3.8
Rice (dry) 1.3 1.0 0.3
Rice (cooked) 0.7 0.7 0.0
Wheat (whole grain) 12.6 10.2 2.3
Soybeans 15.0 - -
Potato (peeled) 1.3 1.0 0.3
Sweet potato” 9.0 5.7 3.3
Cassava’ 1.8 1.1 0.7
Coconuts (raw) 9.0 9.5 0.5

Source: Dhingra et al. (2012); *https://www.prebiotin.com/resources/fiber-content-of-foods/
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Carbohydrates

Provide food energy source as
digestible and fermentatble

substratres
Mono/Di-saccharides
Polysaccharides Oligosaccharides
(glucans) (glycans)
Soluble in water
Non-starch polysaccharides Starch S
. (complex branched a-glucans )
(B-glucans) (a-glucans mainly amylose, ) )
amylopectin and glycogen) Minor food §omp_onents with
i some physiological effects
Variable solubility in water Soluble in water .
Soluble in water

Cellulose and I|gn|q (phenolic Resistant starch
polysaccharide)
Undigested in small intestine (SI)
as dietary fibre, fermented in S|

and caecum

Lt INsOlUble in water, resistant to _—
enzymatic digestion and most
fermentative microflora

Non-cellulosic polymers

(hemi-cellulose) Non-resistant starch
Partially soluble in water, digested Digested and absorbed in Sl
in stomach, Sl and caecum as
dietary fibre

Pectic polysaccharides
(pectins)

Soluble in water, form gels, not
digested in SI, fermented in Sl and
caecum as dietary fibre

Fig. 2 Classification of carbohydrate feed energy sources as starch and dietary fibre,

depending on solubility, absorbed at different sites in the digestive tract

Fluid absorption and fermentation in the small intestine

Knudsen and Hansen (1991) and Johansen et al. (1996) demonstrated that the water
holding capacity of soluble fibre increases the viscosity of digesta and the retention time
affects improved microbial fermentation in the small and large intestine. Increased soluble
fibre in the diet reduces absorption of trace minerals but also provides substrates in which the
microbiota may grow (Varel et al. 1982; Wenk 2001). Jin et al (1994) concluded that high DF
(insoluble) alters the rate of intestinal cell turnover and morphology. Specifically, the number

of enterocytes and the width and depth of the villi increase with high fibre inclusion although
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most DF is fermented in the caecum (Dierick et al. 1989). Sources of lipids and their level in
diets also affect intestinal morphology by increasing villus height (Li et al. 1990). Although
lipids are also important stimulants for the exocrine pancreas (Pierzynowski et al. 2006), lipid
metabolism in the small intestine is reduced by microflora activities (Ratcliffe 1991). There is
evidence of interactions between dietary lipids and fibre levels, but energy digestibility is
more closely related to fibre level (Wilfart et al. 2007a; Degen et al. 2009).

The inclusion of high starch and DF provided by SP and cassava roots and forage will
modify digesta retention, secretion of digestive juices, nutrient absorption and microbial
fermentation throughout the gastrointestinal tract. There is evidence that modern genotypes of
growing pigs do not benefit as much from high DF as do indigenous pig breeds. However, a
larger body weight, increased age and longer exposure to fibrous diets also improve
adaptability to fibre feeds. An appropriate balance may be found between the dietary and
animal factors, where improved local genotype pigs have been bred on SP and cassava roots

and tropical forages.

Fermentation and absorption in the large intestine

Fermentation of organic matter provides additional metabolic energy through
production and subsequent absorption of short chain fatty acids in the large intestine. Short
chain or volatile fatty acids (VFASs) are the major product of carbohydrate fermentation, apart
from some methane (Bergman 1990; Yen et al. 1991). Volatile fatty acids are absorbed in the
portal vein adding to dietary energy supply (Yen et al. 1991; Yen 1997). Mainly acetic,
propionic, butyric and lactic acids, are readily absorbed across the luminal mucosa of the gut
and may contribute as much as 10% to 24% of dietary energy for maintenance in pigs
(Knudsen and Hansen 1991; Yen et al. 1991). Much higher metabolisable energy for
maintenance (33% to 44%) was gained from ungelatinised potato starch, which in raw form is

less digestible than SP or cassava starch (Mason 1980). VFAs from hindgut microbial
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fermentation contributes up to 15% net energy in practical situations despite the reduction in
ileal DE and mineral absorption (Dierick et al. 1989). The anti-nutritive effect of DF may be
balanced by its contribution through fermentation to DE and potential health benefits (Dierke
et al. 1989; Choct 2001; Lindberg 2014). Different fermentable fibres may influence bacterial
nitrogen uptake depending on the rate of fermentation (Bindelle et al. 2007). DF in SP and
cassava roots will provide more fermentable material to the microbial population in the
hindgut. However, gut morphology, physiology and specific bacterial populations in pigs
farmed in PNG and the PICT are yet to be identified and could be a potentially fertile field of

research for animal health and production.

Factors influencing the growing pig nutrient requirements
Genotype

Distinct differences in the partitioning of energy and protein exist between genotypes
and their digestive capacity for high fibre feeds (e.g. Chimonyo et al. 2001; Barea et al. 2011,
Ngoc et al. 2013). Growth, protein and lipid deposition, digestibility, organ weights and small
intestinal structure of Iberian and modern pigs have been investigated (Nieto et al. 2002;
Barea et al. 2011). The recent focus has been on indigenous pigs and their crossbreeds. For
example, the Vietnamese Mong Cai pig has been well studied in relation to use of tropical
forages including SP and cassava roots and foliage (Hang 1998; Ly et al. 2010; An et al.
2004; Giang et al. 2004a). The Zimbabwean Mukota pig performed better on high fibre diets
than did Large White pigs (Chimonyo et al. 2001; Ndindana et al. 2002), with similar growth
performances reported in PNG village pigs (Rose and White 1980) or their mixed genotype
progeny (Dom et al. 2009a, b, 2010). There is particular interest in improving the prediction
of nutrient requirements for protein and lipid deposition rates in indigenous breeds fed on
high forage feeds (Ngoc et al. 2013; Noblet et al. 2013; Regnier et al. 2013). Recent genetic

surveys attested that changes were more than likely to have occurred in the mixed genotype
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pigs found in PNG (Spencer et al. 2006; Ayalew et al. 2011). Hence, the real benefit of
genetic improvements for smallholder production is not measureable. The breeding of local
pigs in PNG provides an area of untapped research potential for characterization and
preservation of genetic resource with future applications. These local crossbred pigs of mixed
genotype kept by the commercially oriented smallholder farmers tend to be leaner but their
nutritional requirements have not been thoroughly assessed. It was found that lean and obese
type pigs (DurocxYorkshire) possessed different gut microbial populations and differed in
their response to high DF (Varel et al. 1982; Freire et al. 2003). Soluble fibre (sugar beet
pulp) was used as effectively in modern as in older European genotype pigs (von Heimendahl
et al. 2010) whereas use of protein and energy differed between European indigenous and
exotic breeds when fed high fibre diets (Barea et al. 2011). Traditionally grazing Aletejano
genotypes had improved digestive capacity for high fibre feeds compared to Large White
(Freire et al. 1998) or DurocxLandrace crossbreeds (Freire et al. 2003). Previous reports on
indigenous pigs in PNG, the so called Sus scrofa papuensis (Hide 2001), demonstrated a high
digestibility for fibre at over 72% ADF from raw SP diets (Rose and White 1980). This
suggested an increased solubility of starch and NSPs and additional fermentation in the
digestive tract. Anecdotally and from survey observations (Ayalew et al. 2011; Amben et al.
2013), PNG native pigs thrive on forage feeds such as SP vines, cassava leaves, taro stem and
leaves, banana pseudo stems, leguminous forage, grass and creeping vines (e.g. kikukyu
grass, mucuna and pueraria), but their digestive capacity for DF is unreported.

The indigenous ancestor of the modern PNG village pigs remains a mystery with no
recent observations made of this animal apart from anecdotal reports. However, there is good
evidence that local pigs in PNG and possibly other PICT have adapted to higher DF feeds
such as SP, cassava, taro roots, tropical legumes and forages. Studying improved fibre
digestibility adaptation is more important in areas where long term pig crossbreeding has been
in practice and the production system is geared towards commercial sale. A practical first step

would be to determine the performance of current crossbred pigs fed nutritionally balanced
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SP and cassava diets which are on par to standard commercial feeds fed to commercial breed
pigs.
Environment

Thermal regulation is likely to be an important factor in variable climatic conditions
under extensive or semi-extensive systems and where management is not standardized and pig
housing may be inadequate. The growth of pigs in the warm humid tropics will be constrained
by reduced feed intake and although feed intake is reduced pigs may gradually adapt to heat
stress (Le Dividich et al. 1985; Rinaldo et al. 2000). Moreover, humidity and ventilation
affect feed intake and, depending on ambient temperature, produce marked effects at higher
temperatures (Quiniou et al. 2000; Nyachoti et al. 2004). When exposed to cold stress, pigs
increase feed intake to provide a higher metabolic rate for producing heat (Verstegen et al.
1982, 1984). Feed intake may decrease but feed efficiency does not decrease at higher
temperatures (Lopez et al. 1991).

When pigs have unrestricted access to feed the responses to temperature are more
critical for energy efficiency as growth or production, whereas thermal stress could also be a
major cause of piglet mortality and lead to mortality or morbidity by other causes such as
starvation and diseases (Renaudeau et al. 2012). Quiniou et al. (2000) found that under
tropical conditions grower-finisher feeding behaviour was modified at different temperatures
and humidity. Feed intake was reduced at temperatures above 27 °C (humidity >80%) and for
larger body weights of 45-75kg, but the number of meals per day did not decrease (Quiniou et
al. 2000). Quiniou’s experiment used Pietrain x Large White barrows fed ad libitum with an
all grain diet and resulted in a quadratic relationship between feed intake and temperature; a
finding which was in agreement with Nienaber and Hahn (1983) and Le Dividich et al.
(1985). They concluded that 24°C was the lowest critical temperature for pigs of 30-90 kg
body weight which allowed more efficient use of dietary energy. However, their estimates for

energy utilisation were generally lower than National Research Council recommendations
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which maintained that DE intake was reduced by 1.7% for each 1 °C above the critical
temperature experienced by the pig (NRC 1998). Alternatively, reduced feed intake may not
be a major concern for growing pigs provided that energy dense diets are fed. Energy dense
diets are known to improve the rate of gain when feeding is unrestricted but fibrous diets
increase the heat increment from digestion and may be disadvantageous under warm
conditions. Environmental temperatures are likely to have an impact on pig performance in
the tropics. Recent studies have shown that growth performance of mixed genotype pigs in
PNG’s warm humid lowlands climate (Dom and Ayalew 2010) and cool wet highlands
locations (Dom et al. 2010) differed by as much as 20% while feed efficiency differed by as
much as 30% on the same diets. Adjustments to feed energy level would also optimize pig
performance under different management conditions of fully enclosed, semi-enclosed or
grazing.

Long term and on-going interactions of local pig genotypes with varying tropical
environments in PNG will have influenced their health and digestive capacity to some extent
by modified physiology and the gut bacterial populations, as well as hardiness to some
common diseases from which commercial breeds tend to be protected. There is evidence of
improved growth performances of local pigs but the management systems need to be better
described or standardised, and feeding based on locally available ingredients. This will also
ensure that the nutrition provided to pigs offers a fair assessment of growth performance and

profitability of production.

Health

Brioudes et al. (2014) found that apart from endemic leptospirosis and some
brucellosis, there were no incidences of major transboundary diseases or economically
important diseases such as Foot and Mouth Disease and Classical Swine Fever in the PICT.

However, veterinary services, disease surveillance and reporting were limited. They noted
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that farmers identified endemic diseases caused by endoparasites and ectoparasites as their
major concerns for pig production. Earlier PNG government reports noted that bacterial
pneumonia was common and was aggravated by poor nutrition and high parasite burdens
whereas nutritionally related diseases, particularly affecting young piglets, were caused by
deficiency in calcium, phosphorous, iodine, iron and vitamin A (Watt et al. 1977).
Quartermain and Kohun (2002) noted that the situation was unchanged at village and semi-
commercial levels of production and recommended nutritional intervention. The health of
growing pigs is influenced by their nutrition during the early post-weaning stage when rapid
changes occur in the digestive system, the type of feed that is offered to piglets and their
increased feed intake. In PNG and other PICT, piglets are often naturally weaned (at around 8
weeks) and obtain the full benefit of nutrition, immunity and digestive enzymes as well as
microbial population from the sow. Their major nutritional health challenge comes with the
changeover from milk to solid food. During this phase piglets are prone to colitis and
diarrhoea associated with dietary change and disease vectors (Thomson 2009).

As reviewed by Thomson (2009) feed-associated colitis in growing pigs was due to
niacin deficient corn or NSPs from wheat, barley and other cereals. Non-specific colitis
occurred during weaning onto pelleted rather than meal feeds, while the effects of high levels
of wheat NSPs and resistant starch were countered by the inclusion of enzymes in the feed.
Infectious colitis (Brachyspira pilosicoli), collibacillosis (Escherichia coli), swine dysentery
(B. hyodysenteriae) and salmonellosis (S. Typhimurium) were also reduced by feed
processing, enzyme supplementation and the inherent fermentation characteristics in the hind
gut of pigs when fed highly digestible diets of different NSP sources and amounts (Pluske et
al. 2007; Thomson 2009). The disease stressors may be present at subclinical levels in all
modern pig production environments and would certainly be expected at smallholder and
village pig production. Under more intensive production systems the feeding of pigs with high
levels of fermentable carbohydrates was shown to trigger clinical swine dysentery, and its

pathogenesis was also influenced by diverse gut microflora (Pluske et al. 1996; Pluske et al.
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1998). However, modifying the NSP levels or presenting more digestible diets had either a
positive effect (Siba et al. 1996) or little clinical effect (Kirkwood et al. 2000) on reducing
swine dysentery. It is still uncertain how the diverse gut microflora also interact with different
NSP substrates and proteins to inhibit or promote diseases. Recently, there has been revived
interest on the use of fermented liquid feeds (FLF) for their prebiotic effect on gut health to
all classes of pigs (Lindberg 2014; Missotten et al. 2015). FLF may provide an alternative to
antibiotic growth promoters and to probiotic use in animal feeds by increasing acidity in the
upper gut in a similar manner to organic acid additives (Piva et al. 2006; Suiryanrayna and
Ramana 2015). Missotten et al. (2010, 2015) reviewed the requirements for producing FLF
and its advantages and disadvantages in pigs and to production. Reduction of E. coli and
Salmonella spp. and promotion of Lactobacillus plantarum was noted at rapid lowering of
pH. The presence of yeasts (e.g. Pichia spp.) in the fermented feed, the fermentation
temperature of liquid feed and the feed:water ratio were also found to modify the feeding
value of FLF. A lower pH and higher lactic acid concentdiet in the gut stimulated the
production of pancreatic juices, thereby potentially improving digestion. There was evidence
that piglets benefited from the microflora of sows fed FLF. Moreover, FLF resulted in
improved growth and feed conversion efficiency of weaners and for growers-finishers (Jensen
and Mikkelsen 1998). The solubility of carbohydrates and protein in SP and cassava roots and
forage may be improved by fermentation during the ensiling process, and when prepared as
dried or cooked feeds. The utilisation of these high moisture feeds when blended with other
ingredients is an option that needs exploring, particularly for pig production in PNG and the
PICT.

Adaptations by pigs to high fibre tropical feeds have occurred naturally in PNG where
there is much less feeding of grain feeds and free ranging pigs have had access to wide variety
of fibrous feeds. Moreover, most village pig farmers breed pigs with minimal antibiotic
inputs, suggesting that the roots and forage feeding systems for local mixed genotype pigs

may provide a mode of ‘antibiotic free’ production. The use of fermented feeds may improve
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nutrition and health in the current pig feeding systems and is an area that should be

investigated.

Determining the growing pig nutrient requirements

Voluntary feed intake and energy partitioning

Feed intake increases dramatically during the growing phase and digestion uses a large

amount of the dietary energy (Kyriazakis and Whittemore 2006). During the growing phase

pigs may be more responsive to variations in their diet, particularly for DE content (NRC

1998). DE influences amino acid digestibility and thereby affects lean muscle development

for which the amount and balance of amino acids is critical (De Lange et al. 2012). The

grower pig stage is a period defined by rapid lean deposition, bone tissue, and lipid (fat)

deposition (MacDonald et al. 2011). The grower-finisher range of 60-110 kg is commercially

important in PNG and other PICT, where maintaining larger animals may not be cost

effective. Nutrition based on local feeds must be aimed at achieving these finish weights

economically.
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Fig. 3 Energy partitioning diagram adapted from Kyriazakis and Whittemore (2006) and

respective formulae for calculating food energy from chemical analysis of nutrient groups
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Protein and amino acid requirements of growing pigs

Partitioning of energy and lean (protein) or fat (lipid) deposition after ingestion is the
key to understanding nutrient absorption and utilisation (Noblet and van Milgen 2004;
Sandberg et al. 2005). Energy, protein and feed intake may be estimated by using partitioning
models such as those in Fig. 3, but empirical data is required to make accurate predictions in
cost effective feed formulation under different operating environments (Whittemore et al.
2001). The energy value of feed for growing pigs is influenced by source of fibre, body
weight and the climate (Noblet and Le Goff 2001). The level of DE intake influences the
absorption of lysine for protein deposition over lipid deposition in growing pigs (van Milgen
and Noblet 1999). However, the rate of protein retention is influenced by body weight,
reflecting the higher maintenance needs of adult versus young pigs. However, protein
retention is not influenced by energy intake, genotype or when lysine is limiting (Susenbeth et
al. 1999). Metabolic utilisation of starch and lipid is more efficient than protein utilisation for
lean deposition in growing pigs where lysine is in limiting supply (van Milgen et al. 2001).
Lysine is a limiting amino acid in most feed resources available to livestock farmers in the
tropics, including SP and cassava roots, and supplementary amino acids must be supplied by
other ingredients in order to balance the shortfall and to maximize growth potential. Since
protein accretion is dependent on the amount of DE in a feed it is more instructive to consider
the DE to protein (or lysine) ratio of diets (MacDonald et al. 2011). Balancing pig diets to
specific protein and energy requirements can help reduce the costs of farming pigs
(Adesehinwa 2008). Further nutrition research should determine the lysine:DE requirements
for commercial breeds as well as for mixed genotype pigs farmed under local conditions.

Nitrogen (N) balance is a practical method which estimates apparent protein
digestibility and retained nitrogen as the difference from metabolic loses in faeces and urine
(MacDonald et al. 2011). This is useful for comparing the effects of starch and DF on

digestion and fermentation in the gastrointestinal tract where microbial proteins also
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contribute to faecal N. A positive N balance may indicate an excess of protein or an
imbalance of amino acids in the diet, particularly when urinary N excretion is elevated (also
an indication of poor health).

NRC (1998) recommended 18% crude protein (CP) and 14.2 MJ DE/kg DM in diets
for growing pigs (20-50 kg BW) of commercial genotype with a 17.5 g lysine/day (total basis)
requirement, determined by feeding corn-soybean meal diets (90% DM) under temperate
climates. In a review of 27 feeding trials which included exotic purebred, indigenous non-
descript, indigenous purebred or crossbred pigs fed under tropical conditions Paul et al.
(2007) determined a requirement of 17.9% to 15.5% CP with 10.6 to 14.8 g lysine/day and
17.9 to 23.3 MJ DE/day for 20-35 and 35-60 kg BW pigs respectively. But they had identified
crossbred pigs with low growth rates of 331 to 337 g/day (Paul et al. 2007). In PNG a
commercially available wheat-based feed (88% DM) containing 16% CP, 14 MJ DE/kg DM
and a lysine level of 8.6 g/kg DM produced growth rates of 586 to 743 g/day and FCR 2.25 to
2.51 in PNG mixed genotype pigs (14-20 kg BW) bred in a cool highlands (10-20°C) or a
warm coastal (~32 °C) climate respectively (Dom et al. 2010, 2011). However, in warm
tropical environments providing higher than 16% CP in a corn-soybean meal diet may not
result in improved growth performance (Sugahara et al. 1970; cited by Perez 1997). Lower
than 14.5% CP in diets without the addition of lysine reduced pig growth rates (Taylor et al.
1979; cited by Perez 1997).

The protein and amino acids requirements for pigs in tropical climates is not well
established, particularly for the combination of various root and forage species with grain
based protein concentrates, and the farming of local mixed genotype pigs. Pig nutritional
models such as the NRC (1998, 2012) need empirical data to provide accurate
recommendations for pig diets using local feed resources and maintained under the current
production systems in tropical countries. Metabolic studies on growing pigs are needed to
evaluate the effect of sweet potato and cassava starch and DF on energy, protein and amino

acid utilisation, and provide effective pig nutrition with potential cost savings.
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Table 4 Nutrients and anti-nutrients composition of different sweet potato and cassava

varieties in fresh form and as dry flour with maize and wheat grain

Bitter . PICT
l\(l’utrient Cilassav 2:!23;% f’\tl)vtit)b Mai;e ) x;'éiv) g\l/vi;—t Ccassav E\gf[igd Cdassav Whga}Jt
(%0) a (chips) roots (white)” 5 potato® a meal a'meal  grain
(chips) roots
Moist. 0.14 0.82 62.50 10.20 20.04 711 62.8 - - -
Ash 1.85 271 4.60 1.24 1.76 0.74 0.84 - - -
CF 4.61 4.40 1.02 1.54 1.82 1.64 1.48 29 3.1 24
N - - 0.73 1.30 1.41 - - - - -
CP 3.37 2.69 4.57 6.49 8.79 1.43 0.53 44 3.6 14.6
EE 3.82 3.92 1.20 8.34 9.42 0.17 0.17 0.6 0.4 1.8
Starch - - - - - 20.1 31.0 73.1 80.5 67.4
Sugars - - - - - 2.38 0.83 7.3 49 3.1
NFE 86.2 85.5 26.1 70.8 575 - - 88.9 90.3 79.5
oM - - - - - - - 96.9 97.4 98.2
NDF - - - - - - - 6.9 6.9 111
ADF - - - - - - - 4.2 4.2 3.4
ADL - - - - - - - 0.7 0.8 1.1
WICW - - - - - - - 6.6 6.7 11.0
(Ekl?]e/;%%g) - - 381 350 438 580 171146 172166 18.5/16.2"
Minerals (mg/100g)
Ca 33 30 - - - 29 20 - - -
P 52 80 - - - 51 46 - - -
Mg - - - - - 26 30 - - -
Na - - 32 28 22 52 7.2 - - -
K - - 201 174 264 260 302 - - -
S - - - - - 13 6.4 - - -
Fe 30 18 - - - 0.49 0.23 - - -
Cu - - 0.0 0.37 0.38 0.17 0.14 - - -
Zn - - 0.21 0.35 0.45 0.59 0.48 - - -
Pb - - 0.0 0.0 0.0 - - - - -
Mn - - 0.0 0.0 0.16 0.11 0.06 - - -
Al - - - - - 0.82 1.83 - - -
B - - - - - 0.10 0.07 - - -
Vitamins (mg/100g)
A - - 0.0 0.127 0.151 0.011 - - - -
B, - - 0.09 0.32 0.32 0.086 - - - -
B, - - 0.05 0.1 0.12 0.031 - - - -
Bs - - - - - 0.60 - - - -
C - - 2.2 0.034 0.056 24 14.9 - - -
D - - - - - 0.0 - - - -
E - - 0.82 0.52 0.72 - - - - -
Anti-nutrients (mg/100g)
Oxalate 44 22 1.07 25 2.48 89 39 - - -
Phytate 304 216 0.03 2.6 2.5 - - - - -
Tannins 0.6 0.4 6.22 15 1.8 - - - - -
HCN 0.65 0.46 - - - - 3.10 - - -
TIU 4.0 1.0 - - - 134 <0.1 - - -

Sources: Sarkiyayi and Agar (2010)? Sarkiyayi and Hamman (2015)®; Bradbury and Holloway (1988)°; Noblet et al. (1993)%.*Gross
energy/Digestible energy in MJ/kg DM.Moisture (Moist.), crude fibre (CF), nitrogen (N), crude protein (CP), ether extracts (EE),
carbohydrates calculated as nitrogen-free extracts (NFE), organic matter (OM), neutral detergent fibre (NDF), acid detergent fibre (ADF),
acid detergent lignin (ADL), water insoluble cell wall.
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Meeting the nutrient requirements of the growing pig
Roots and foliage as carbohydrate sources

The nutrients, anti-nutrients and amino acid contents of SP and cassava roots and
forage are shown in Tables 4, 5 and 6, respectively. A survey by Hoover (2001) documented
that root and tuber crops contain 70 to 80% water, 16 to 24% starch and trace quantities
(<5%) of proteins and lipids. SP and cassava roots contain less DM nutrients compared with
equivalent amounts of dry grain feed such as corn or wheat at around 80% DM, but the latter
also contains more DF (Table 4). SP contains less starch than cassava but more
monosaccharide sugars. On a fresh weight basis SP contains less starch but higher amylose
content and higher DF than cassava roots (Tables 1 and 2). Amylose starch is less susceptible
than amylopectin to enzymatic digestion by a-amylase and glucoamylase (Tian et al. 1991).
This may suggest that SP root-starch would contribute more to fermentation of DF and
undigested (resistant) starch in the pig gut. A high value of 38% amylose in SP was reported
by Tian et al. (1991) but 12.9% to 29.7% were found in 44 SP varieties grown in the
Philippines (Collado et al. 1999). In Sri Lankan and Thailand varieties, cassava starch
contained more resistant starch and amylose than SP starch (Wickramasinghe et al. 2009;
Moongngarm 2013). By comparison, starch contents of 30 to 58 g/100 g of solids was
reported in 25 SP varieties grown in PNG and Australia, with most varieties low in amylose
content (<30%) (Waramboi et al. 2011). SP and cassava roots may provide up to 17 MJ/kg
gross energy and 14-16 MJ/kg DE (Table 4). Fermentation of undigested starch reduces the
efficiency of starch use (Gerrits et al. 2012). However, the prebiotic effect of both rapidly and
slowly fermentable carbohydrates may improve gastrointestinal health (Bauer et al. 2006) and
contribute to energy status by absorption of VFAs. Sauer et al. (1991) suggest that VFAs may
provide as much as 15% of the energy supply to pigs. Table 5 shows the nutrient composition
of SP and cassava foliage prepared in fresh, dried or ensiled form. Whereas the SP vines

provide much less energy (Table 5) they also have amino acid profiles comparable with
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alfalfa, ground nut foliage, and leucaena (Table 6). The effects on energy digestibility and
nutrient utilisation of diets based on high proportions of fibrous feeds available in tropical
countries, such as SP and cassava roots and foliage, has been and continues to be an active

field of investigation.

Roots and foliage as sources of amino acids, vitamins and minerals

SP and cassava roots contain low and variable amounts of crude protein (CP)
(Nwokolo 1990). Bradbury et al. (1984, 1985) found 0.5 to 2.0% crude protein in SP roots
from cultivars grown in the highlands of PNG and the CP contents of cassava roots were
similarly poor. Limiting amino acids in both roots were methionine, cysteine, lysine and
leucine (Table 6). Nwokolo (1990) suggested that fish meal, meat meal or synthetic
methionine and lysine will need to be included in SP-based diets and the same for cassava-
based diets. On the other hand, the foliage of both crops may contain less than 10% DM but
the leaves, stems and vine of both crops contain more DF, amino acids and anti-nutritional
factors (Table 1 and 2). SP vine alone contains 18% CP and the leaves of both crops contain
as much as 24% CP (Dominguez 1992; Nwokolo 1990). An et al. (2005) determined 25-30%
CP in SP leaves where lysine was the first limiting amino acid. Similarly, the average protein
content in cassava foliage was 20-32% but was deficient in both methionine and lysine
(Tables 5 and 6). SP and cassava roots and foliage are good sources of vitamins and minerals
(Bradbury and Holloway 1988; see Table 4). Cassava is rich in vitamins A, C and riboflavin
(Ravindran 1992), but SP roots are superior in all vitamins, particularly the B group vitamins
(Bradbury and Holloway 1988; Table 4). The roots (Table 4) and foliage (data not shown)
also contain appreciable amounts of Ca, P, K, Mg, Fe, Mn and Zn (Glatz et al. 2009). The
contribution of these micronutrients may be amplified by the use of additional micronutrients
in feed pre-mixtures. Moreover, the form of presentation may affect micronutrient availability

to pigs (Bradbury and Holloway 1988; Metzler and Mosenthin 2009).
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Table 5 Nutrient content of fresh, dried and ensiled sweet potato and cassava leaves

Forage (%DM) DM OM CP EE CF NDF ADF ME
Fresh SPL? 180 986 268 0.7 128 285 182 95
Dried SPL? 950 986 269 07 128 254 171 95
Ensiled SPL? 328 985 234 1.2 125 247 137 97
Ensiled SPL" - 866 20.1 3.3 - 292 - -
Sun dried SPL" - 80.9 206 25 - 284 - -
Sun dried CL(A)® - 928 324 64 - 275 - -
Sun dried CL(B)" - 914 333 72 - 244 - -
Oven dried CL(60°C)" - 924 327 15 - 253 - -
Oven dried CL(105°C)® - 92.8 322 82 - 376 - -
Ensiled CL" - 928 317 81 - 248 - -

Sources: An et al. (2004)% Phuc et al. (2001)".

Table 6 Amino acid composition of the protein in sweet potato and cassava roots and foliage

Amino acid (g/16g N)

Forage feed X
Arg Cys Gly His lle Leu Lys Met Phe Thr Trp Tyr Val

Alfalfa® 4.1 - - 22 40 71 43 25 49 41 - 33 5
%r%zd it 5, . . 19 37 70 41 09 54 40 - 38 51
Leucaena® 5.7 - - 20 41 79 538 12 56 40 - 43 53
SPL® 6.1 - - 28 45 75 41 18 66 44 - 46 51
FSPL® 5.2 34 41 22 37 86 45 15 71 52 - 41 56
DSPL® 5.2 32 35 20 42 88 41 16 69 52 - 40 57
ESPL® 5.0 23 27 19 36 90 39 12 71 52 - 37 54
CL60° 6.3 - - 22 41 87 51 16 63 44 - 43 59
CL105° 5.9 - - 19 44 80 56 15 57 40 - 40 53
SPRY - 011 - - 037 - 034 017 039 038 00 023 045
SPR® - - - - 042 078 042 - - 055 - 0.08 0.68
SPR® - - - - 1.01 092 072 - - 063 - 012 0.83
SPRf 026 01 027 013 - - - 01 032 - 0.18 -
SPRY 017 - - - - 033 0.25 0.04 029 - - -
CR?Y 048 - - 009 033 035 039 004 022 024 003 - 0.28
CRY - 014 - - 028 - 041 013 025 026 012 016 0.33

Sources: Phuc (2006)% Phuc and Lindberg (2001)°; An et al. (2004)%; FAO (1970)% Purcell et al. (1972); Bradbury et al. (1985); Heuzé et
al. (2015)%; Zjilstra et al. (1999)".
SP = sweet potato, C = cassava (oven dried at 60°C and 105°C), D = dried, E = ensiled, F = fresh, L = leaves, R = roots

Anti-nutritional factors

Several anti-nutrients are present in SP and cassava, namely cyanogenic glucosides,
trypsin inhibitors (TIs), oxalates, phytates and tannins (Table 4). Dietary fibre is considered
an anti-nutrient when it reduces the energy digestibility of feeds. The Tls are plant proteins

which reduce the enzyme activity of trypsin and chymotrypsin. They are found in the roots
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and foliage where they act as a defence mechanism against pest infestation (Wang and Yeh
1996). Tls are more abundant in SP than cassava. However, Bradbury et al. (1985) found that
TI activity did not appear to be related to protein content in SP varieties grown in the
highlands of PNG and TI activity was negligible. Although SP may contain slightly more
oxalate than cassava roots (Bradbury et al. 1985), the majority of anti-nutrients are of greater
concern in cassava and processing of cassava as food is well studied. Cassava contains
cyanogenic glucosides (linamarin and loutaustralin) that convert to hydrogen cyanide (HCN)
which in high doses may cause death of pigs (Cereda and Mattos 1996). Cassava leaves and
peels contain higher amounts of HCN (Bokanga 1994). The ‘sweet’ yellow cassava varieties
are grown in PNG (Bradbury et al. 1985) while the bitter cassava (white-fleshed) varieties
tend to contain more cyanogenic glucosides, TI’s, oxalates, phytates and tannins than sweet
varieties (Table 4).

Where smallholder farms use the recommended SP and cassava dual food-feed crop
varieties and production practices there is less likelihood of anti-nutritional factors being a
serious problem in animal feed. Moreover, practical methods of drying, cooking and
fermenting feed are appropriate for reducing the anti-nutrient effects in prepared pig feeds
(Peters et al. 2001; Giang et al. 2004b; Teka et al. 2014). The use of dried farm-grown feed
products may be more problematic for the logistics of processing and storage under tropical
conditions which are conducive to insect pests and microbial growth. However, fermenting by
ensiling has been promoted as a resource efficient and cost effective means of feed storage

under tropical climates (Peters et al. 2001; Dom et al. 2010, 2011).

Improving SP and cassava as feed for growing pigs

In many studies there was an emphasis on using roots for starch energy and the foliage
as a protein replacement for grain feeds or in combination with alternative protein feed from

agro-industrial by-products such as fish meal, copra meal, and palm kernel cake. The local
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ingredients provide adequate protein sources when they are available and are valuable
substitutes for grain feeds. T activity may be destroyed by boiling and baking until cooked
(Lin and Tsu 1987; Bradbury et al. 1988) and reduced by ensilage (Lin et al. 1988). Small
amounts of HCN in cassava may be efficiently detoxified in the liver, kidneys and skeletal
muscle but methionine is lost in the process (Oke 1978; Devlin et al. 1989; Aminlari et al.
2007). HCN may be reduced by boiling, roasting, soaking, ensiling and sun drying the roots
(Cooke and Maduagwu 1978; Bokanga 1995; Teka et al. 2013). Pigs find high levels of
cassava leaves less appealing (Peters et al. 2001) while SP vines are relished by pigs, and
together with SP roots or cassava roots, may be the sole feed offered to pigs at village level
and a major portion of the feed in smallholder piggeries (Dom and Ayalew 2010; Dom et al.
2010). However, the high and variable DF in the foliage of both crops limits the level at
which they may be included in more complex feed diets (Noblet et al. 1994; An et al. 2004).
Dominguez (1992) determined that 10% DM of feed, about 1.0 kg fresh or 300 g DM, may be
a limit for inclusion of fresh SP vines and Ravindran (1993) recommended less than 15 g/kg
for cassava leaf meal. Higher foliage use increases the indigestible fibre content potentially
reducing digestibility of other nutrients and diluting energy efficiency by switching from
digestion to fermentation. The microbial fermentation of carbohydrates affects the ileal and
faecal digestibility and absorption of P and Ca (Metzler and Mosenthin 2008). Additionally,
undigested plant proteins may affect microbial fermentation in the colon.

Although the roots provide high levels of starch, blending SP and cassava roots with
other ingredients provides additional nutrients and anti-nutrients. Nutrient requirements of
growing pigs fed large amounts of SP and cassava feed may be strongly influenced by soluble

DF (resistant starch and NSPs) and entails determining the levels of DE and N balance.
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Processing roots and foliage

Milling, cooking, ensiling or drying roots and foliage reduces their anti-nutritional
factors and improves the dry matter content, palatability and digestibility of cassava (Phuc et
al. 1995; Pascual-Reas 1997; Hang and Preston 2005) and SP (Tomita et al. 1985; Dominguez
and Ly 1997; Dom and Ayalew 2009a, b). Milling, grating or chopping roots and foliage may
affect how well the feeds are digested, because of differences in the particle size and the
extent to which the cell walls and fibres are broken up, increasing the surface area for
enzymatic digestion. Drying is vital for reducing the high moisture content and bulkiness of
the roots and foliage. However, depending on local climate and the weather, drying and
storage of dry feeds may be an impractical option. SP roots contain amylase enzymes which
become active during storage (Hagenimana et al. 1992; Takahata et al. 1995) and after
cooking and baking (Reddy and Sistrunk 1980). Starch is reduced and sugars (maltose) and
DF (pectins) increase when boiling SP roots but not cassava roots, although there is more
mineral loss from boiling of cassava roots (Bradbury et al., 1988). Solubility of DF may be
improved by cooking and processing (Dhingra et al. 2012; de Vries et al. 2012) but retrograde
starch and other carbohydrate-protein complexes resistant to a-amylase may also form
(McDougall et al. 1996). Boiling in water will also remove much of the soluble vitamin and
mineral content (Bradbury and Holloway 1988) and to a lesser extent when fermenting
(Giang et al. 2004b; Teka et al. 2013). Fermenting cassava roots was more effective than
boiling in reducing anti-nutritional factors as well as improving bulk density and water
holding capacity (Teka et al. 2013). Grating or crushing improves HCN loss through the
hydrolysing enzyme linamarase in the root parenchyma while air drying may be less effective
for cassava with higher HCN content (Cardoso et al. 2005). Boiling roots before feeding to
pigs is a common practice, whereas appropriate storage facilities for dry product may be

challenging for smallholder pig producers to secure. Ensiling techniques have been tested and
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adapted as effective and efficient for storing fermented feed and feeding to growing pigs
(Peters et al. 2001; Phuc et al. 2001; Giang et al. 2004a).

Different forms of feed presentation may afford better nutrient utilisation to growing
pigs depending on how the physicochemical properties of DF and nutrients are affected by the
prepadiet methods such as cooking, ensiling or drying and milling.

Nutritional studies on SP and cassava

The feeding value of SP and cassava to grower-finisher pigs has been studied as-fed
either fresh (Rose and White 1980, Ochetim 1993b), as dried meal (Phuc et al. 2000; Tzudir
et al. 2012), ensiled (Dom and Ayalew 2009a, b; Ly et al. 2010) or cooked (Dom and Ayalew
2009a, b). Sweet potato and cassava foliage have been used as sources of protein in pig diets
(An et al. 2004; Hang et al. 2009, Regnier et al. 2013). In recent times there is more interest in
the use of ensiled SP and cassava because of the relative simplicity of processing high
moisture forages and storage of fermented silage under tropical climates. Studies on feeding
SP and cassava roots to indigenous and crossbred pigs provide varying digestibility and
growth performance results with different types and amounts of protein ingredients including
the foliage of both crops. The various tested diets also differed in their grain and animal
protein ingredients.

For example, digestibility in and growth of Creole pigs were depressed when dried
foliage of SP and cassava was fed at 200 g/kg (Regnier et al. 2013) while this was not the case
for Large White-Landrace x Duroc crossbred pigs fed ensiled SP roots and vines or cooked
roots with fresh vines (Dom and Ayalew 2009a, b). N retained was lower on the SP silage diet
(11.8 g N/day) compared to the boiled SP roots fed with fresh vines (20.3 g N/day) but the
average daily weight gain (ADG) and feed efficiency (FCE) were comparable to when fed a
standard wheat based feed (Dom and Ayalew 2009b). Giang et al. (2004a) found lower dry
matter, crude protein and crude fibre digestibilities for similar SP silage diets than those

documented by Dom and Ayalew (2009a) and the resulting ADG and FCR were poorer.
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Giang et al. (2004a) used a basal feed containing a higher proportion (48%) of maize and,
therefore, the effect of different protein ingredients combined with SP or cassava may be an
important considediet. Indeed, increased protein blended with ensiled SP root and vine led to
a markedly better ADG (Dom et al. 2010) compared to similar diets based on dried SP root
meal alone (Gonzalez et al. 2002) and cassava leaf and root meals (Phuc et al. 2000). Ensiled
cassava roots with fish meal provided about 90% DM and 85% CP digestibility, even when
cassava leaves were included at 50% of the silage (Hang 1998) and the N retention in cassava
based diets was better than in SP silage based diets. Ospina et al. (1995) reported acceptable
growth performance and high digestibility when cassava root meal was the sole energy source
and soybean as protein source. When the cassava leaf meal substituted for soybean at graded
levels with cassava root meal basal feed the regression coefficients were superior for organic
matter, crude protein, crude fibre, fats (as ether extracts, EE) and carbohydrate (as N-free
extracts, NFE) digestibility (Phuc et al. 2000) but the N balance in growing pigs varied. In
growing pigs N retained (g/day) of cassava and SP-based diets was lower than 20 g/d in the
reports by Phuc et al. (2000) and Giang et al. (2004a). Whereas, Dom and Ayalew (2009a)
found 20 g/day and 12 g/day respectively for the use of boiled SP roots and fresh vines and
ensiled roots and vines when replacing half a corn-soybean meal diet. But when the same
growing pigs were fed the sole fed corn-soybean meal from Dom and Ayalew (2009a) N
retained was 29 g/day. There is some margin for improvement in the use of roots and forage
and this may partially depend on processing and blending with protein concentrates. While SP
and cassava roots provide readily digestible starch for energy, the various DF portions in
tropical forages such as cellulose and lignin as well as anti-nutrients like tannin and phytates,
tend to reduce protein digestion and absorption in the small intestine (Wenk 2001; Regnier et
al. 2013). Processing may reduce the impact of DFs and anti-nutrients. Blending with
concentrates that also contain animal protein ingredients provides higher density of nutrients
which potentially may overcome losses in the digestive process. Alternatively, lower protein

content may not necessarily be a drawback when pigs are fed to satisfaction and with the
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inclusion of synthetic lysine. These options should be investigated for the locally bred mixed

genotype pigs farmed in the PICT.

Conclusion

Growing pigs require a high level of DE that can be supplied by SP and cassava roots,
while complementary protein sources can supply the required amino acids. The interaction
between DF and protein and the different modes of digestion, fermentation and absorption of
starch and NSPs will determine their contribution to growing pig energy and nutrient
utilisation. Processing may reduce anti-nutritional factors and ensiling to store fermented feed
may also provide benefits to gut health. Diverse crossbreeds and tropical environments are a
challenge to pig production, however, determining the nutrient requirements of local mixed
genotype pigs to reduce costs of feed can improve the productivity and profitability of

smallholder pig farming in PNG and other PICT.
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ABSTRACT

Sweet potato (SP) roots are highly palatable and digestible for pigs as fresh, boiled, ensiled or
dried feed. The form of presentation and blending with other highly digestible protein
ingredients could improve nutrient utilization by grower pigs. A metabolic experiment was
conducted utilising a 4x4 Latin Square design with four (LandracexLarge White)xDuroc pigs
at nine weeks of age (26.5 £ 1.4 kg), where four dietary treatments offered ad libitum over
four consecutive eight-day feeding periods tested the hypothesis that there would be no
difference in nutrient digestibility and utilization in pigs fed SP roots when prepared as boiled
(BR), ensiled (ER) or milled roots (MR) and blended with a complementary protein
concentrate, and compared against a standard wheat-based pig feed (STD). SP products were
blended with protein concentrate at 570:430 g/kg DM, and provided total lysine:DE ratios of
0.57, 0.58, 0.60 and 0.58 g/MJ DE for BR43, ER43, MR43 and STD respectively. DM intake,
ADG and FCR were similar (p>0.05) among treatments. Coefficient of apparent total tract
digestibility (CATTD) of DM, OM, fibre, calcium, total phosphorus and energy retention (%)
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in SP root diets were superior to STD (p<0.05). Ash CATTD of ER43 and MR43 were
improved over STD whereas BR43 was similar to all three diets. CATTD of fats (EE) was
similar. Protein (CP) CATTD of BR43 was superior to MR43 and STD whereas ER43 was
similar to the other three diets. N intake (g/d), N digestibility (% intake) and N utilization (%
digested) were similar. N retained on STD (30.6 g N/d) and MR43 (30.4 g N/d) were similar.
The higher N retention on BR43 (35.4 g N/d) and ER43 (35.8 g N/d) was due to a significant
shift in N loss from urine (8.2 and 7.0 g N/d) to faeces (13.7 and 10.1 g N/d) which, combined
with greater OM digestibility and energy retention, suggested increased microbial use of N in
the hindgut. The SP diets were highly digestible and provided improved nutrient utilization,

ADG and FCR in pigs compared to the wheat-based commercial feed.

Keywords: Sweet potato, grower pigs, nutrient utilization
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1. Introduction

Sweet potato (Ipomoea batatas L. (Lam)) is a common feed supplement for growing pigs
in tropical countries and is economically important in Asia and the Pacific region, e.g., in
China, Vietnam, Philippines, Tonga and Solomon Islands (Ochetim, 1993; Peters et al.,
2001a). In Papua New Guinea (PNG) sweet potato (SP) is a major staple crop in predominant
farming systems practised by about 360,000 rural farming households using SP roots and
foliage as livestock feed. SP feed use is influenced by its seasonal availability to rural
farmers, shifting food consumption patterns from roots to grains and by the need to replace
costly imported feed grains such as wheat and soybean (Scott, 1992 Scott et al., 2000).
Current research is aimed at addressing the need to establish appropriate non-ruminant
nutrition for production based on local feed resources by adapting suitable technologies for
small-scale farmers. A recent technology advance in PNG was the introduction of ensiled
sweet potato for feeding to pigs from techniques adapted and proven in Vietnam (Peters et al.,

2001b).

Importantly, there is a need to establish benchmark performance for commercial and the
local mixed genotype pigs fed local feeds under PNG’s varied production environments. Diets
based on local feed ingredients may fail to supply the pigs nutrient requirements so
benchmarking SP-based diets using commercially bred pigs would provide better assessment
of the nutritional requirements of local crossbred pigs fed similar blended diets. A diet
containing SP root meal at 350 g/kg DM provided nutrient and energy content on par with
complex diets of grain feeds (Noblet et al., 1993), and up to 400 g/kg provided good carcass
results (Manfredini et al., 1993), while 540 and 580 g/kg were recommended for grower and
fattener phase, respectively (Gonzaléz et al., 2002). Preliminary testing of blended SP diets
with either boiled or ensiled roots demonstrated high faecal digestibilities and improved N
retained (g/d) at lower protein levels (Dom and Ayalew, 2009a). Nevertheless, feeding SP

root diets resulted in variable performances in local mixed genotype pigs (Dom and Ayalew,
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2010; Dom et al., 2010; 2011) similar to those reported in the literature (e.g. An et al., 2004;
Gonzaléz et al., 2002; Giang et al., 2004). However, improved grower performance can be
ensured by better nutrition through the use of complementary protein concentrates.

A concentrate containing protein meals, synthetic amino acids, vitamins, minerals, mould
inhibitors, antioxidants and essential medications was formulated to complement SP roots of a
popular and abundantly available cultivar commonly referred to as ‘Rachel White’. The
blended SP diets used SP roots that were either boiled or ensiled or as dried and milled roots
were tested on commercial bred grower pigs for apparent total tract digestibility of nutrients,
energy utilization, N-balance, growth, and feed efficiency compared against a standard pellet
feed. The experiment tested the hypothesis that there would be no difference in nutrient
digestibility and utilization in pigs fed 570 g/kg DM of the diet as SP roots with 430 g/kg DM

wheat-based protein concentrate compared to a standard grower pig diet.

2. Methods and Materials

2.1 Experiment location and design

This research was conducted at the PNG National Agricultural Research Institute (NARI)
Labu Livestock Research Station, Morobe Province (6° 40’ 27” S, 146° 54’ 33” E). The local
climate is typically warm and wet with average daily temperatures averaging 30°C with 84%
relative humidity. The metabolic experiment was conducted in a 4x4 Latin Square design
with four diets as interchanged treatments fed to four grower pigs over four consecutive 8-day

feeding periods

2.2 Experiment animals

Four (LandracexLarge White)xDuroc castrate male grower pigs with similar body weight
(26.5 = 1.4 kg) were selected and placed into individual metabolic cages for experimental

feeding. On d 5 and d 8 of consecutive periods each pig was removed from its cage for
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weighing to an accuracy of 0.01 kg. Pigs were managed according to the animal welfare

guidelines (NHMRC, 2013) prescribed the University of Adelaide Animal Ethics Committee.

2.3 Metabolic cages

Metabolic cages were two double-caged, steel units with dimensions 1.0 mx1.0 mx1.5 m
on stands 0.7 m above floor level. The cages were equipped with sliding trays to collect
faeces. The trays were angled to allow urine to be rapidly drained from the tray. Any solid
contaminants from feed, faeces or hair were trapped by a steel coil which allowed urine to
drip through a funnel directly into a 2.5 L sealed brown glass bottle through a fine metal-
sieve. Collected urine was removed regularly during each sampling day and stored in sealed
glass bottles at 4°C for pooling at the end of three days and freezing of the total pooled
samples. Each cage was placed in the centre of a concrete pig pen in an open-sided shed. Four
fans were placed at the head of each cage to provide cooling air movement for the pigs for the
dudiet of the experiment. During the experiment, minimum and maximum shed temperatures
were 21°C and 32°C, respectively. Relative humidity ranged from 77% to 90% (NARI

weather station).

2.4 Treatment diets

The experimental treatments diets were formulated according to available nutritional data
from NRC (1998), a nutritional database at Carey Animal Nutrition. Wheat grain, soybean
meal and essential amino acids and micronutrients were imported products. All other
ingredients were available locally to the feed producer. A commercial grower pig pellet feed
was used as the standard diet (STD) for comparison with nutritionally balanced diets made
from SP blended with Pig Conc.1. Blended diets consisted of 570 g/kg SP feed and 430 g/kg
Pig Conc.1 on a DM basis. SP roots from an identified local cultivar, Rachel White, were
sourced from Lae Town Main Market. Chemical analysis of the blended ingredients

confirmed the nutrient content of the formulated diets (Table 1). Leucine, lysine, methionine,
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methionine+cysteine (Met+Cys), threonine and tryptophan and dietary fibre, as neutral
detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (Lignin), were
calculated from the combined formulation ingredients of Pig Conc.1 (Carey Animal
Nutrition) and published values for sweet potato roots from Feedipedia.com (Heuzé et al.,
2015).

The processing of feed components for each SP diet was as follows. The roots were
divided into three groups for boiling, milling and drying into a meal, or for ensiling. SP roots
stored in large hessian sacks were briefly soaked in water and the dirt washed off before being
chopped into large irregular chunks (<200 g). To prepare SP boiled roots (BR), about 4.5 kg
of root were placed into clean water sufficient to cover the pieces; salt was added at ~20 g
(0.5% wt/wt) to the total mass, with each boiled root prepadiet reweighed to provide 2 kg
DM. The chopped roots were placed in cool water in a 15 L steel pot, placed on a gas stove
and cooked for 45 mins. Ensiling methods were modified from Peters et al. (2001b). To
prepare the ensiled feed (ER) SP roots were milled using a modified flake mill (Project
Support Services (PSS) Ltd, Lae) producing crumbled material of varying sizes less than 1 to
2 cm3, 0.5% wi/w salt was added to the freshly milled material, which was then immediately
packed and sealed in 80 L plastic bin silos lined with polyethylene Tuffa® garbage bags.
Acidity in ensiled SP roots was measured at pH 4.0 when silo bins were opened after at least
14 d of fermentation and was assessed visually to have maintained a good quality for the
dudiet of testing. To prepare milled SP roots (MR), cleaned fresh roots were grated using a
modified flake mill (Project Support Services Ltd) then sun-dried for an initial period of about
6 h before being placed into a large-capacity Labec® forced air-draft oven for drying
overnight at 105°C. Dry SP gratings were milled using a roller mill (PSS Ltd) to provide a
coarse crumble texture (~5 mm pieces). Salt (0.5% w/w) was added to MR during mixing
with protein concentrate. The standard grower feed pellets were also roller milled to a coarse

crumble texture (from ~10 mm to ~5 mm pieces). Dry and ensiled SP feed were stored in silo
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bins in a cool, dry shed for daily prepadiet. The STD and Pig Conc.1 were stored as received

in hessian bags and opened bags were kept in two large bins fitted with lids.

Table 1

Analysed and calculated nutrient composition in the SP roots either boiled (BR), ensiled (ER)
or milled (MR) and complementary protein concentrate (Pig Conc.1), blended SP treatment

diets BR43, ER43 and MR43, and standard grower pig feed, STD

Components Treatments

Nutrients
BR ER MR  Pig Conc.1 BR43 ER43 MR43 STDf

Anaysed composition(g/kg)

DM (as fed) 377 316 835 879 593 558 854 880
oM 368 304 817 791 550 513 806 816
CP 10 9.7 24 329 147 147 155 165
EE 4.9 3.7 6.8 44 22 21 23 38
CF 9 9 16 41 23 23 27 56
Ash 9 12 18 88 43 45 48 64
Calcium 0.9 0.9 0.9 18.0 83 83 83 92
Total P 1.1 0.9 1.6 9.7 4.8 4.7 5.1 9.7
Total N 1.6 1.6 3.8 52.6 235 235 24.8 26.4
Calculated composition(g/kg)

Leucine 0.5 0.5 1.3 234 10.8 10.8 11.2 10.3
Lysine 0.4 0.4 0.9 20.3 9.4 9.3 9.6 8.6
Methionine 0.1 0.1 0.3 8.2 3.7 3.7 3.8 2.4
Met+Cys 0.3 0.3 0.6 12.6 5.9 5.9 6.0 5.3
Threonine 0.5 0.5 1.3 11.8 5.6 5.6 6.0 5.1
Tryptophan 0.07 007 017 35 1.6 1.6 1.7 1.7
DE (MJ/kg) 169 16.7 164 156 16.3 16.2 16.1 14.8
Lys:DE (g/MJ)” 0.02 002 005 1.30 0.57 0.58 0.60 0.58
Ca:P’ 082 100 056 1.86 1.72 1.76 1.62 0.94
NDF 43 36 94 179 101 97 131 277
ADF 20 16 43 59 37 35 50 81
Lignin 4 3 9 14 9 8 11 23
Starch 261 219 579 146 212 187 392 312
Total sugars 34 29 76 41 37 34 61 47

Ingredient composition of commercial 'standard grower pig feed: Wheat grain 312 g/kg, Meat meal 52.5 g/kg, Fish meal (PNG) 20 g/kg,
Wheat millrun (PNG) 600 g/kg, Limestone fine 5 g/kg, Salt 1.5 g/kg, Choline chloride (75%) 0.5 g/kg, Lysine HCI 0.2%, Pig Premix* 5 g/kg,
Mycostat 0.5 g/kg, Sorbasafe 1 g/kg. Ingredient composition of Pig Conc.1: Wheat grain, 120 g/kg, Meat meal 130 g/kg, Blood meal 50
g/kg, Fish meal (PNG) 100 g/kg, Tallow 40 g/kg, Soybean meal 180 g/kg, Wheat millrun (PNG) 358 g/kg, Salt 30 g/kg, Choline chloride
(75%) 1 g/kg, Rhodimet-88 Liquid (Methionine) 4 g/kg, Lysine HCI 1 g/kg, Pig Premixt 10 g/kg, Mycostat 1 g/kg, Sorbasafe 2 g/kg. *Pig
Premix: Vitamin A 15.0 miu, Vitamin D 4.0 miu, Vitamin E 45.0 g, Vitamin K 3.0 g, Niacin 25.0 g, Pantothenic Acid 15.0 g, Folic Acid 1.0
g, Riboflavin/B2 6.0 g, Vitamin B12 30.0 mg, Biotin 100.0 mg, Vitamin B6 3.28 g, Vitamin B1 1.80 g, Cobalt 1.0 g, lodine 1.0 g,
Molybdenum 2.0 g, Selenium 0.15 g, Selplex (inorganic Se) 0.15 g, Copper 10.0 g, Iron 100.0 g, Manganese 50.0 g, Zinc 150.0 g,
Ethoxyquin 125.0 g, Surmax200 75.0 g, Mold Inhibitor 500.0 g, Rovabio Excel AP T-Flex 50.0 g.

*Ratios calculated on DM basis using the respective nutrient and energy values in this table.
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2.5 Feed offer, refusal collection and pig welfare

The four 8-d feeding periods included 5 d for adaptation to the test diets and 3 d feeding
for total collection of faeces and urine. Feed components were weighed (balance limit 5 +
0.005 kg) fresh to make blended diet weights equivalent to 2 kg DM diet per offer at the first
period, 3 kg DM for the second and 4 kg DM diet in the third and last periods, ensuring that
the pigs were fed to satisfaction. Feed offered was thoroughly hand-mixed and stored daily in
individual large plastic dishes. To allow ad libitum feeding, additional feed was provided each
day at around 1000 h, 1300 h and 1700 h as required. Any remaining feed was collected and
weighed as refusal. The pigs were washed down every morning and metabolic cages cleaned
daily. Mist spray was provided by hand as required. Clean piped rain water was available at

all times through steel-nipple drinkers placed next to the feeding trough.

2.6 Collection of feed, faeces and urine samples

Samples of each feed component were sent for chemical analysis at the beginning of the
experiment. Total collected faeces were weighed fresh, and then dried over 24 h as bulk
samples in a large oven at 105°C (Labec®), then milled to a coarse meal with a hand-grinder.
Urine samples were collected in sealed 2.5 L brown glass bottles over 24 h each day. Urine
was stored at 4°C (LG™ refrigerator) immediately after daily sampling. At the end of each 3-
d sampling period dried faeces and urine were separately pooled and duplicate samples stored

at 0°C (Westinghouse upright freezer) before delivery to the laboratory for chemical analysis.

2.7 Chemical analysis of samples

Chemical proximate analysis of feed, faeces and nitrogen in urine was conducted at the
National Analytical and Testing Services Laboratory Ltd (Lae, PNG) using AOAC (2012)
Official Methods. Dry matter (DM) was calculated as DM%=100%—Moisture% after
determining moisture (AOAC 930.15) by drying samples for 2 h at 135°C in a forced-air oven

(Thermoline Scientific). Protein was estimated determined by Total Kjeldahl Nitrogen
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(AOAC 954.01) after digestion of samples in concentrated sulfuric acid (FOSS Tecator™)
and subsequent nitrogen determination on Kjeltec™ 8200 distiller (FOSS), and estimating
crude protein as CP%=N%x6.25 (or 5.70 for wheat-based feeds). Total fat content (AOAC
920.39) determined as the ether extracts (EE) in diethyl ether evaporated by Soxhlet
apparatus. Fibre was determined as crude fibre (AOAC 978.10) was on a sintered-glass filter
as the weighed residue after sulfuric acid digestion and ashing at 500°C in a muffle furnace
(SEM SA Pty Ltd). Ash (AOAC 942.06) was determined by weighing the resulting inorganic
residue from a dried, ground sample ignited in a furnace at 600°C (SEM SA Pty Ltd).
Calcium (AOAC 927.02) was determined by Atomic Absorption Spectrophotometry
(AAS240FS). Phosphorus was determined as total P (AOAC 964.06) by spectrophotometry
(Shimadzu UV1800). Organic matter (OM) was calculated by OM%=DM%-Ash%.
Digestible Energy (DE) was calculated according to Noblet and Perez (1993), where DE
(kCal)=4,151-(122xAsh%)+(23xCP%) +(38xXEE%)—(64xCF%), R2=0.89, and converted to

MJ/Kkg.

2.8 Statistical analysis

Suitability of the small sample size, a priori and post hoc power was determined using
G*Power Version 3.1.9.2 (Franz Faul, Universitat Kiel, Germany) on preliminary data from
published work using similar treatment diets, pig genotype and the same experimental
conditions (Dom and Ayalew, 2009a), e.g., at p<0.05 expected powers were 99.95% (n=16),
99.19% (n=8) and 99.99% (n=8) for estimating coefficient of apparent total tract digestibility
CATTD of DM and CP, and N retained, respectively. Statistical testing was conducted at 95%
significance level. Correlation coefficients were calculated on Vassar Stats
(http://vassarstats.net/index.html) by linear regression of 32 d shed temperature and DM feed
intake. All experiment data were collated on Microsoft® Excel and then GenStat 15th Edition
(VSN International Ltd, 2013) was used for the ANOVA by Latin Square design with means

separated by Tukey’s Honest Significant Difference. N balance (g/d) parameters were
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determined by using DM intake and N intake as covariates for N intake, N faeces and N

digested, and N digested for N urine, and N retained.

3. Results

3.1 Feed intake and growth

The SP diets were 10 to 18 g/kg lower in protein, 0.7 to 1.0 g/kg higher in lysine than
STD but provided 1.3 to 1.5 MJ/kg higher DE, with the resulting lysine:DE ratio about 0.6
g/MJ (Table 1). Methionine was 1.4 g/kg lower in STD and there were smaller differences in
leucine, methionine+cysteine, threonine and tryptophan. Starch and dietary fibre content of
MR43 and STD were much higher than BR43 and MR43. Table 2 displays the results of pig
performance, nutrient digestibility, energy utilization and N balance. The overall mean DM
feed intake of diets was similar (p<0.05) despite bulkiness of the BR43 and ER43 diets. There
was 35.6% correlation of DM feed intake to minimum daily shed temperature (r2=0.1267,
one-tailed p<.0001), but only 5.1% correlation for maximum temperature (r2=0.0026, one-
tailed p=0.2815). ADG and FCR were similar among treatments. Faecal DM output was
significantly higher on STD. There were no other measurements of faecal consistency. There

was a large variation in urine output (cv=32%) with similar means.

3.2 Digestibility and N Balance

Nitrogen intake (g/d) was similar across all diets. MR43 and STD had significantly lower
N losses in faeces (g/d), but higher urine N loss than BR43 and ER43. Digested N (g/d) from
MR43 and STD was higher but the N retained (g/d) were lower than BR43 and ER43. N
digestibility (% intake) and utilization (% digested) were similar across all four diets.

Coefficients of apparent total tract digestibility (CATTD) of DM, OM, fibre, calcium,
total phosphorus and energy retention (%) in SP root-based diets were superior to STD. Ash

CATTD of ER43 and MR43 were improved over STD whereas BR43 was similar to all three
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diets. CATTD of fats (ether extracts) was similar on all diets. Protein CATTD of BR43 was

superior to MR43 and STD whereas ER43 was similar to the other three diets.

Table 2

Coefficients of apparent total tract digestibility (CATTD) of nutrients and energy utilization

and N balance for blended SP root diets fed to (Large WhitexLandrace)xDuroc grower pigs

(26.5 £ 1.4 kg) in metabolic trial

Treatment means

Parameter BR43 ER43 MR43 STD SEM Sig.
Coefficients of apparent total tract digestibility

DM 0.922° 0.909" 0.880° 0.758° 0.0175 =
oM 0.898° 0.865° 0.889° 0.775° 0.0170  **
CcP 0.890° 0.853%* 0.810° 0.818° 0.0107  **
EE 0.740 0.803 0.750 0.681 0.0350 ns
Fibre 0.620° 0.703" 0.630° 0.358° 0.0405  **
Ash 0.703%® 0.789° 0.733° 0.595° 0.0262 **
Calcium 0.858° 0.850" 0.846" 0.757° 0.0136  **
Total P 0.774° 0.788° 0.730° 0.616° 0.0185  **
Energy 0.944° 0.934° 0.905" 0.827° 0.0126  **
Feeding and growth performance

Mean BW (kg) 38.9 35.9 38.0 37.1 1.47 ns
DMI (g/d) 2,390 1,971 2,163 2,222 1432  ns
ADG (g/d) 1,255 1,239 1,158 1,193 80.4 ns
FCR (DM basis) 1.99 1.67 1.84 1.84 0137  ns
Faeces DM (g/kg) 268° 273% 264° 460° 28.5 *x
Urine output (mL) 2,099 2,148 1,437 1,116 2726  ns
N balance (g/d)®

N Intake 53.8 51.1 50.3 53.0 4.96 ns
N Faeces 13.7° 10.1% 8.8° 6.5° 0.72 ok
N Digested 38.8° 42.2% 43.5° 45.9° 0.71 >k
N Urine 8.2% 7.0° 11.2% 13.9° 0.68 Fokok
N Retained 35.4° 35.8° 30.6° 30.4° 0.05 Hokox
N digestibility (%) 72.5 77.7 71.9 66.3 3.14 ns
N utilization (%) 82.5 88.7 88.4 80.5 3.29 ns

Means with different superscripts are significantly different at p<0.05.
Significance, ***p<0.001, **p<0.01, *p<0.05, ns is not significant.

TN digestibility (%) was N retained (g/d) as a percentage of N intake (g/d).
1N utilization (%) was N retained (g/d) as a percentage of N digested (g/d).

8N balance parameters were assessed by covariate analysis.
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4. Discussion

Sweet potato root-based diets (BR43, ER43 and MR43) provided equivalent growth rates
and feed conversion efficiency to the wheat-based grower pig feed used as a standard (STD).
However, the CATTD of nutrients and energy retention (%) by the commercial breed grower
pigs fed on boiled, ensiled or milled SP root diets were higher compared to the standard feed.
CATTD of nutrients in the tested diets was in agreement with the literature. Similarly, cooked
(Canope et al., 1977), ensiled (Tomita et al., 1985) and dried sweet potato chips (Noblet et al.,
1990) provided very palatable and highly digestible diets for crossbred grower pigs of
improved genotypes. The rate of inclusion of SP root blended was within the recommendation
by Gonzaléz et al. (2002). Cooking SP roots improved the digestibility of N (Canope et al.,
1977) and although trypsin inhibitors may reduce protein digestibility in ensiled SP roots (Lin
et al., 1988) the higher DE improved feed efficiency but at reduced feed intake (Tomita et al.,
1985). Whereas SP roots provided the major DE source, the wheat-based protein concentrate
(Pig Conc.1) provided a sufficient source of protein, amino acids and micronutrients to
complement deficiencies in the SP roots. Nutrient digestibility was probably reduced by
higher dietary fibre (NDF, ADF and lignin) in STD and MR43, but not in BR43 and ER43.
Insoluble fibre does not affect ileal digestion (Bach Knudsen and Hansen, 1991ab) whereas
soluble fibre may reduce nutrient absorption but starch is not affected (Bach Knudsen and
Hansen, 1991b; Johansen and Bach Knudsen, 1994). Although not documented, a slower rate
of passage was observed for the blended SP roots diets during the sample collection phase,
and this may have had implications on nutrient absorption and fermentation in the fore and
hindgut (Johansen and Bach Knudsen, 1994; Ngoc et al., 2013). Soluble fibres are fermented
in the large intestine thereby contributing to DE (Johansen and Bach Knudsen, 1994) as was
reflected in the high energy retention on SP root diets in this work. DM intake on the diets
was similar so it is likely that solubility of starch and non-starch polysaccharides was

increased in the boiled or ensiled (fermented) roots (Barampama and Simard, 1995; Bradbury
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et al., 1988). This provided pig growth rate equal to the STD standard feed but at lower
dietary protein level.

When offered SP root diets pig growth and feed efficiency as well as N digestibility (%)
and utilization (%) were on par with the standard diet. An incrementally higher N excretion
(g/d) in the faeces from BR43 and ER43 diets along with a significant reduction in urine N
losses (g/d) may indicate increased endogenous N losses (from sloughed cells, bile, gastric
juices and enzymes) as a result of the higher DM intake (Moter and Stein, 2004; Low, 1989),
or bacterial protein N contribution (Dierick et al., 1989; Tetens et al., 1996). The negative N
balance on the SP root diets indicates addition of N to the faeces bulk from microbial sources.
Higher OM CATTD on SP root diets also suggested increased hindgut fermentation (Dierick
et al., 1990). Moreover, in spite of higher facces output on the standard diet, the faecal N was
less. High N retained (g/d) on the blended SP root diets in the current work compared
favourably with grain-based diets containing different dietary fibres (Hansen et al., 2006), fed
in either mashed or pellet form (Le Gall., 2009). The commercial grower pig feed, based on
91.2% wheat and wheat by-products, afforded higher fibre content (277 g/kg NDF) than SP
roots (36 to 94 g/kg NDF) whereas Pig Conc.1 (179 g/kg NDF) provided much of the dietary
fibre (NDF, ADF and lignin) to the blended SP diets. OM CATTD and energy retention (%)
was reduced on standard diet and milled SP roots with higher NDF content, which was in
agreement with previous findings (Hansen et al 2006; Noblet and Le Goff, 2001).

Digestible energy and lysine were slightly higher in the blended SP root diets than in the
standard diet. However, the treatment diets provided about 8.6 - 9.6 g/kg total lysine and 0.6 g
total lysine/MJ DE, which corresponds to 0.45 g standard ileal digestible (SID) Lys/ MJ DE.
This lysine:DE ratio was much lower than the optimum level recommended for similar
crossbred genotypes (Moore et al., 2013a). Nevertheless, the high growth rates and feed
efficiencies suggest that it may be possible to reduce the level of protein concentrate blended
with SP while maintaining feed efficiency (Dominguéz and Ly, 1997) and pig growth (Kerr et

al., 2003), provided that lysine is not limiting (Kyriazakis and Emmans, 1995). Maintaining
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an adequate supply of amino acids while lowering protein level will reduce N excretion
without affecting animal performance and improve energy utilization (Bellego et al., 2001).
The improved crossbred pig performance on SP-based diets was supported by improved
availability of DE from SP roots at slightly higher lysine and methionine content to STD.
Bulky feeds such as SP reduce nutrient intake (Bindelle et al., 2008), but the improved
nutrient utilization in pigs fed on ensiled SP roots in particular may be related to a lower
energy requirement for digesting fermented carbohydrates (starch and non-starch
polysaccharides) (Choct, 2001), a prebiotic effect from lowered gut pH (Lindberg, 2014) and
a greater availability of energy from VFAs providing an energy increment for growth (Dierick
et al., 1989). The influence of different SP dietary fibre fractions on nutrient digestibility and
utilization is an element worth further investigation.

The digestibility of these blended SP root diets fed to the mixed local genotype pigs
farmed in PNG may vary and growth is likely to be reduced in different environments. Earlier
work with PNG village pigs, which were hybrids of native and introduced genotypes,
revealed a natural ability to perform reasonably well on lower nutrient diets of SP forage
(Malynicz and Nad, 1973; Rose and White, 1980). However, the modern strains of local
mixed genotype pigs may be improved by breeding for enhanced capacity for digesting
dietary fibre (Noblet et al., 2013; Lindberg, 2014). While the growth rate of pigs in penned
conditions may be lowered from our current caged estimated ADG, blend-feeding has proved
economical compared to single feed and phase feeding options (Moore et al., 2013b; Mullan
et al., 1997) and this seems likely given the very high feed efficiency achieved by the
commercial grower pigs. Economic assessment should be made to determine the incremental
benefit-cost of SP blended feed diets which may replace up to 70% in total of the imported
wheat grain and wheat millrun used in a commercially available pellet feed, as was found by
Gonzaléz et al (2002). There is scope for investigating improved nutrition of local mixed
genotype pigs fed on similar diets containing local forage ingredients blended with

complementary concentrate feeds. Further SP blended diets should be investigated for
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gilts/sows and weaner piglets to provide reduced cost feeding options for small-scale

producers.

Conclusions

Sweet potato as boiled, ensiled or milled roots blended with a complementary protein
concentrate provided highly digestible diets as a result the nutrient utilization provided growth
rates and feed efficiency that were similar to a wheat-based commercial feed offered to
growing pigs. Production animal performance and economic assessments of feed storage and
feeding systems are needed to take advantage of the nutrition afforded by similar blended

diets.
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Chapter 4: Nutrient utilisation in grower pigs fed boiled,
ensiled or milled cassava roots blended with a protein

concentrate
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Nutrient utilisation in grower pigs fed boiled, ensiled or milled cassava

roots blended with a protein concentrate

Michael T. Dom*, Workneh K. Ayalew®, Philip C. Glatz®, Roy N. Kirkwood’, and Paul E.

Hughes®

ABSTRACT

Cassava is a major pig feed ingredient used by smallholder farmers in tropical countries
where it is grown abundantly. Due to its high starch content cassava roots may replace maize
or wheat as the energy component of diets fed to pigs. A metabolic experiment was conducted
using a 4 x 4 Latin Square design to determine the apparent total tract digestibility (ATTD) of
nutrients, energy and nitrogen balance of cassava roots prepared by boiling (BR45), ensiling
(ER45) or milling into dry meal (MR45). The cassava products were blended with a wheat-
based protein concentrate (DM Pig Conc.1) at a ratio of 55:45 DM basis, and compared with a
wheat-based standard feed (STD) offered to (Landrace x Large White) x Duroc grower pigs

(28.0 £ 0.8 kg). DM intakes of pigs were higher on the cassava diets (P < 0.05) in the order;
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BR45 > ER45 > STD > MR45. Growth rate (ADG) and feed efficiency (FCR) on MR45
(1138 g/d and 1.81) were better than on STD (847 g/d and 2.41), whereas ER45 (856 g/d and
2.59) was similar to STD (P > 0.05). BR45 was similar to STD for ADG (919 g/d) but not for
feed efficiency (3.12). The ATTD of DM, organic matter (OM), calcium and energy
utilisation (%) in pigs fed the cassava diets were higher (P < 0.05) than the control diet.
Overall mean protein (78.1% CP), CF (34.3%), fat (64.2% EE) and phosphorus (43.9% Total
P) ATTD were similar for all diets (P > 0.05). N digestibility (77.9% intake) and N utilisation
(64% digested) were also similar (P > 0.05). N retained by pigs on MR45 (25.1 g/d) was
lower than on STD (27.6 g/d). However, higher N retained (P < 0.05) on BR45 (32.0 g/d) and
ER45 (31.3 g/d) did not result in improved FCR or ADG, suggesting that high DM intake of
soluble dietary fibre may have affected N utilisation, even if energy utilisation was increased
by hindgut fermentation. Nevertheless, cassava roots blended with the complementary protein
concentrate provided improved nutrition for grower pigs. Ensiling cassava roots allows the
option of long term storage of fermented feed with potential benefits to gut health. However,
growth performance trials are required to refine the nutrient requirements for local crossbred

pigs farmed in tropical climates.

Keywords: Apparent total tract digestibility, cassava roots, grower pigs, nitrogen balance
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INTRODUCTION

Cassava (Manihotesculenta Crantz) is an alternative energy ingredient for monogastric
livestock in tropical and sub-tropical countries where it grows in abundance (Scott et al.,
2000). Due to its high starch content cassava roots may replace maize or wheat as the energy
component of diets fed to pigs (Pacual-Reas, 1997). Although the perishable root is high in
moisture (60 to 65%) cassava roots contain 20 to 31% carbohydrate on a fresh weight basis
(Tewe, 2004). Cassava roots are an important supplementary pig feed in Pacific Island
countries (PIC’s) for both village level and smallholder commercial pig farmers (Ochetim,
1993). Cassava cultivated in PIC’s are mainly the ‘sweet’ varieties which have less hydrogen
cyanide (HCN) toxicity (Bradbury and Holloway, 1988; Bokanga, 1994). Suitable processing
methods may further eliminate anti-nutritive factors including tannins, phytates, oxalates and
HCN (Marfo et al., 1990; Teka et al., 2013), which can reduce palatability and digestibility of
cassava-based diets. Cassava roots are very palatable as boiled roots, dry meal or as ensiled
feed, with likely benefits to intestinal health and at a reduced cost compared to feeds sourced
from off-farm (Loc et al., 1997). Protein deficiencies in cassava roots can be overcome by
including available protein rich ingredients in feed diets, such as soybean meal and fish meal.
Providing an appropriate protein concentrate to blend with cassava is a logical means to
overcome the imbalance of essential amino acids in cassava roots. However, poor processing
and storage methods for roots and inadequately mixed diets of cassava with protein rich
ingredients limit its feeding value to pigs. This makes management of feeding regimes a
challenge for smallholder farmers. Boiling roots, peeled or unpeeled, to feed pigs is a
common practice that requires added labour, fuel, water and requires an available crop. Also,
because cassava roots do not store well, postharvest curing is a useful means of extending the
storage life of feed material before further processing. Ensiling and drying are two effective

means to reduce HCN and preserve cassava feed. Drying may be the simplest method for
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detoxifying cassava roots but ensiling is a more cost effective processing technique (Loc et

al., 1997; Teka et al., 2013), particularly in the wet-humid tropics.

This paper reports the findings of feeding cassava roots processed by different
methods with a blend of a protein supplement in grower pigs. The experiment tested the
hypothesis that there would be no differences between the three blended cassava root diets
and a standard commercial wheat-based feed. An initial report on this work has been
presented at the 16th Asian Australasian Animal Production Congress in November 2014

(Dom et al., 2014).

METHODS AND MATERIALS

Experiment location

This research was approved by the University of Adelaide Research Ethics committee
and was conducted at the Papua New Guinea (PNG) National Agricultural Research Institute
(NARI) Labu Livestock Research Station, Morobe Province (6° 40’ 27” S, 146° 54’ 33” E).
The local climate is typically warm and wet with an average daily temperature of 30°C and

84% relative humidity (NARI weather station).

Experimental animals and metabolic cages

Four crossbred pigs (Landrace x Large White) x Duroc, at nine weeks-of-age with
similar body weight (28.0 + 0.8 kg) were placed into individual metabolic crates which were
two double-caged, steel units with dimensions 1.0-m x 1.0-m x 1.5-m on stands 0.7-m above
floor level. The cages were equipped with sliding trays to collect faeces. The trays were
angled to allow urine to be rapidly drained from the tray. Any solid contaminants from feed,

faeces or hair were trapped by a steel coil which allowed urine to drip through a funnel
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directly into a 2.5 L sealed brown glass bottle through a fine metal-sieve. Each cage was
placed in the centre of a concrete pig pen in a well-ventilated open-sided shed. Minimum and
maximum shed temperatures at pig level were recorded daily. Fans were placed at the head of
each cage to provide air-cooling to the pigs, and additional mist spraying by hand-bottles as
required on hotter days (~30 °C) for the dudiet of the experiment. Close observations were
made of the pigs in the crates during sample collection days to ensure clean sepadiet of faeces

and urine.

Experiment design and treatment diets

The metabolic experiment was conducted using a 4 x 4 Latin Square design with the
four treatment diets interchanged to four grower pigs over four consecutive eight-day feeding
periods. Pigs were randomly allocated to the four metabolic crates for the 32 d trial with diets
interchanged according to the randomized Latin Square schedule. Processing of feed
components for each diet is outlined in Table 1. Three different methods were used to prepare
the cassava roots, namely, boiling, ensiling and milling into dry meal, to determine the
digestibility of nutrients, energy and nitrogen balance of diets when offered to commercially
bred grower pigs. Cassava roots of a local ‘sweet yellow’ cultivar were harvested at maturity
(12 months) from a standing crop cultivated at Sauruan Village, Markham District (PNG)
located in an alluvial valley where the climate is hot and dry. On the day after harvesting the
roots were divided into three parts for field-clamp curing to arrest spoilage of the root starch
during storage (Booth, 1976). Cassava roots were boiled daily (BR) as chopped roots, or
peeled and milled either for ensiling (ER) or dried into a meal (MR). Chemical analysis of the
feed components and data from the literature were used to estimate the nutrient content of the
treatment diets (Table 2). A commercially available Pig Grower pellet feed (Associated Mills
Ltd, PNG) was used as the standard for comparison with the three nutritionally balanced diets

made from processed cassava roots at 55% DM, blended with a protein concentrate, Pig
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Conc.1 at 45% DM. The diets were formulated to provide the essential amino acids and
micronutrients to supplement imbalances in cassava, by using nutritional data from NRC
(1998) and the database of Carey Animal Nutrition (Australia). In the Pig Grower and Pig
Conc.1, soybean, wheat and micronutrients were imported while all other ingredients were

available from local producers.

Feed offer, residue collection and pig welfare

The four feeding periods lasted eight days, with five days for adaptation to the test
diets and three days of feeding for total collection of faeces and urine. Feed components were
weighed (balance limit 5,000 g = 0.5 g) as fresh weights to make blended diet weights
equivalent to 2,000 g DM diet per offer in the first period; 3,000 g DM for the second and
4,000 g DM diet in the third and last periods. Feed offered was thoroughly hand-mixed and
stored daily in individual large plastic dishes. The pigs were fed ad-libitum. All remaining
feed was collected and weighed daily. The pigs were washed and metabolic crates cleaned
daily. Cool water was available at all times through steel-nipple drinkers placed next to the
feeding trough. The animals and crates were attended by a worker all day and regularly
inspected at night and observations recorded on a clinical record sheet. The pigs were
removed from the crates for weighing on day five and eight of each consecutive period.
Animal welfare was managed as stipulated by the guidelines prescribed by The University of

Adelaide Animal Ethics Committee.

Sampling and chemical testing

Samples for each feed component were kept for chemical analysis at the beginning of
the experiment. Faeces were weighed fresh, dried at 105 °C in a forced air-draft oven
(Labec®) then milled with a hand-grinder to a coarse (0.5 to 1.0-mm) particle size and packed

into PTE bags. Urine samples were collected in sealed brown bottles over 24 h on the three
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sampling days and stored in a fridge at 4 °C before pooling at the end of each period. Dried
faeces and urine for each period were pooled and duplicate samples stored in at 0 °C until
needed for chemical analysis at the National Analytical and Testing Services Laboratory Ltd
(Lae, PNG). Dry matter (DM) was calculated as the weight difference between fresh and dry
samples after removal of moisture by drying 2.0 g samples for 2 h at 135 °C in a forced-air
oven (Thermoline Scientific). Total fats as ether extracts (EE) were determined by Soxhlet
extraction in diethyl ether. Crude protein (CP) in feed and faeces were determined as Total
Kjeldahl Nitrogen (N), by digestion of 0.5 to 1.0 g samples in concentrated sulphuric acid
(FOSS Tecator™) and subsequent nitrogen determination (FOSS Kjeltec™ 8200 distiller),
with modification for determining urine N. Calcium and total phosphorus analyses followed
the procedures of AOAC (2012). Fibre (crude) was determined as the weighed residue on a
sintered-glass filter after sulphuric acid digestion and ashing at 500 °C in a muffle furnace
(SEM SA Pty Ltd.). Ash was the inorganic residue from a dried, ground sample ignited in a
muffle furnace (SEM SA Pty Ltd). Calcium and P were determined respectively by flame
(AAS240FS) and UV-Vis spectrophotometry (Shimadzu UV1800). Organic Matter (OM) was
calculated from tested feed proximate data. Amino acids leucine, lysine, methionine,
threonine and tryptophan values were calculated using data from the literature on cassava
roots in fresh, peeled and dry form combined with the formulation of Pig Conc.1. Digestible
energy (DE) was calculated according to Noblet and Perez (1993), where DE (kCal) = 4,151 —

(122 x %Ash) + (23 x %CP) + (38 x %EE) — (64 x %CF), R2 = 0.89 and converted to MJ/kg.

Statistical analysis

Data from a similar experiment (Dom and Ayalew, 2009a) were used to calculate a
priori power and required sample size, as well as post-hoc power, using G*Power Version
3.1.9.2 (Franz Faul, Universitat Kiel, Germany). Expected power of testing for CATTD of
DM and CP, and N retained at p<0.05 were 99.95% (n=16), 99.19% (n=8) and 99.99% (n=8)

respectively. Statistical testing was conducted at 95% significance level. All experiment data
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were collated in Microsoft Excel for initial data handling and outlier assessment using sample
variances and scatter graph models. Correlation coefficients for DM intake and daily shed
temperatures were calculated by linear regression of 32 data sets. ANOVA of the Latin
Square design was completed on GenStat 15th Edition (VSN International Ltd, 2013) using

Tukey’s Honest Significant Difference for the comparison of means.

Table 1. Feed components and processing of cassava roots for treatment diet

Feed Components Processing Label

Pig Conc.1 Mixed in a commercial mill>  Blended at 45% DM of daily diet 45%
as a dry meal (88% DM)

Pig Grower Pellets with nutrient content  Standard 100% pellet feed, ground? STD
as per formulation* from 10mm to <5mm pellet size

Cassava Boiled roots 55% roots peeled and placed in boiling  BR

water for 45 minutes with ~20 g salt,
cooled and mashed in feed bowls

Cassava Ensiled roots (pH 4.0) 55% tubers flake milled then ensiled by  ER
standard methods?, stored in silos for at
least 14 days before feeding

Cassava Milled and dried roots 55% roots flaked® and roller milled to MR
crumble, then sundried to at least 90%
DM for storage before feeding

'Commercial Pig grower pellet feed and Pig Conc.1 formulation provided by Carey Animal Nutrition (Australia).

Ingredient composition of Pig Grower: Wheat grain 31.2%, Meat meal 5.25%, Fish meal (PNG) 2.0%, Wheat millrun (PNG) 60%,
Limestone fine 0.5%, Salt 0.15%, Choline chloride (75%) 0.05%, Lysine HCI 0.2%, Pig Premix 0.5%, Mycostat 0.05%, Sorbasafe 0.1%.
Ingredient composition of Pig Conc.1: Wheat grain, 12%, Meat meal 13%, Blood meal 5%, Fish meal (PNG) 10%, Tallow 4%, Soybean
meal 18%, Wheat millrun (PNG) 35.8%, Salt 0.3%, Choline chloride (75%) 0.1%, Rhodimet-88 Liquid (Methionine) 0.4%, Lysine HCI
0.1%, Lae Feeds Pig Premix 1.0%, Mycostat 0.1%, Sorbasafe 0.2%.

Pig Premix: Vitamin A 15.0 miu, Vitamin D 4.0 miu, Vitamin E 45.0 g, Vitamin K 3.0 g, Niacin 25.0 g, Pantothenic Acid 15.0 g, Folic Acid
1.0 g, Riboflavin/B2 6.0 g, Vitamin B12 30.0 mg, Biotin 100.0 mg, Vitamin B6 3.28 g, Vitamin B1 1.80 g, Cobalt 1.0 g, lodine 1.0 g,
Molybdenum 2.0 g, Selenium 0.15 g, Selplex (inorganic Se) 0.15 g, Copper 10.0 g, Iron 100.0 g, Manganese 50.0 g, Zinc 150.0 g,
Ethoxyquin 125.0 g, Surmax 200 75.0 g, Mold Inhibitor 500.0 g, Rovabio Excel AP T-Flex 50.0 g.

?Associated Mills (Ltd) Lae, Papua New Guinea; Roller Mill (Project Support Services Ltd)

3Ensiling methods modified from Peters et al., (2001); Salt (NaCl at 0.05%w/w of feed) used as a preservative in standard ensiling procedure
will be added at the same proportion to all diets; acidity in ensiled cassava roots was measured at pH 4.0.
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Table 2. Analysed and calculated nutrient composition of the feed components, cassava roots
boiled (BR), ensiled (ER) or milled (MR), blended treatment diets with 45% Pig Conc.1

(BR45; ER45; MR45) and standard feed (STD)

Components Treatment diets

Nutrient :
utrients BR ER MR  PigConcl BR45  ER45  MR45  STD

Analysed composition (% DM)

DM (as fed) 38.8 35.36 88.8 87.9 60.9 59.0 88.4 88.0
oM 37.8 34.4 86.5 79.1 56.4 54.5 83.2 81.6
Ash 1.0 0.92 2.3 8.8 4.5 4.5 5.2 6.4
CF 0.6 0.56 1.4 4.1 2.2 2.2 2.6 5.6
EE 0.3 0.24 0.6 4.4 21 21 2.3 3.8
CP 0.7 0.7 1.7 32.9 15.2 15.2 15.7 16.5
Calcium 0.52 0.48 1.20 1.80 1.10 1.07 1.47 0.92
Total P 0.12 0.11 0.27 0.97 0.50 0.50 0.59 0.97
Total N 0.12 0.11 0.27 5.26 243 243 2.52 2.64
Calculated composition(% DM)

Leucine’ 0.04 0.04 0.09 2.34 1.07 1.07 1.10 1.03
Lysine! 0.04 0.04 0.07 2.03 0.94 0.94 0.95 0.86
Methionine! 0.00 0.00 0.03 0.82 0.37 0.37 0.38 0.24
Met+Cys' 0.00 0.00 0.05 1.26 0.57 0.57 0.60 0.53
Threonine' 0.03 0.03 0.05 1.18 0.55 0.54 0.56 0.51
Tryptophan' 0.004 0.003 0.014 035 0.16 0.16 0.16 0.17
DE (MJ/kg)® 16.8 16.9 16.1 15.6 16.3 16.3 15.9 14.8
Lys:DE (kg/MJ)® 0.03  0.03  0.04 1.30 0.58 0.57 0.60 0.60
Ca:P? 4.33 4.36 4.44 1.86 2.18 2.16 251 0.94
NDF* 1.4 1.3 7.1 17.9 8.8 8.8 11.9 31.5
ADF* 0.6 0.6 4.8 5.9 3.0 3.0 5.3 9.2
Lignin* 0.0 0.0 1.5 1.4 0.6 0.6 1.5 2.6
Starch* 31.4 28.6 71.4 14.6 23.8 22.3 45.8 354

!Calculated amino acid values for cassava roots from Feedipedia.com (Heuzé et al., 2015) combined with major source from the formulation
of Pig Conc.1 (Carey Animal Nutrition)

*Calculated values using proximate data and the formula DE (kCal) = 4,151 — (122 x %Ash) + (23 x % CP) + (38 x %EE) — (64 x %CF),
where R? = 0.89 (Noblet and Perez, 1993) and 1kCal = 0.004184 MJ.

®Ratios calculated using the respective nutrient and energy values in this table.

“Calculated NDF and ADF, Starch and Total sugar values from Feedipedia.com (Heuzé et al., 2015); based on the major ingredient
components in cassava and Pig Conc.1, namely, peeled or dehydrated cassava roots, wheat grain (low protein), wheat bran (for wheat
millrun) and soybean (low protein, non-de-hulled).

RESULTS

Grower pig performance
The experiment results are presented in Table 3. The mean starting body weights

(BW) for the four periods were similar. Mean DM intake was significantly higher for pigs fed
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the BR45 (P < 0.05).Growing pig DMI on the ER45 and MR45 diets were both similar to
STD (P > 0.05) diet. The average daily weight gain (ADG) and feed conversion (FCR) were
superior (P < 0.05) for pigs fed on the MR45 diet. The ADG was not different among pigs fed
ER45, STD and BR45 diets (P > 0.05), but pigs fed on the BR45 diet had the least efficient
feed conversion (P < 0.05) while pigs fed on the STD diet had better FCR but lower ADG.
BR45 and ER45 diets were much lower in DM content compared to the other diets (Table 2).
Faecal DM outputs were significantly greater in pigs fed on the STD followed by BR45 diets.
DM output from pigs fed ER45 and MR45 diets were much lower than from BR45 and the
STD diet (P < 0.05). Difference in the urine output was not significant (P > 0.05) among the
diets. There was a significant correlation between fresh weight intake and urine output (r =
0.5201, P = 0.02). Minimum and maximum temperatures ranged between 24 and 35 °C. DM
intake had a significant correlation with minimum temperature (r = -0.2099, P < 0.05) but was

not correlated with maximum daily shed temperatures (r = 0.1645, P > 0.05).

Nutrient digestibility in grower pigs
Apparent total tract digestibility (ATTD) of DM, OM, and calcium and energy
utilisation (%) on the cassava root diets were significantly higher than on STD (P < 0.05)

(Table 3). The ATTD for fibre, EE, total P and CP was not affected by the diet (P > 0.05).

N-balance in grower pigs

There were no significant dietary differences (P > 0.05) in N intake, output in faeces
and urine, or digested. There were significant differences in N retained (g/d) with retention in
pigs fed BR45 greater than for pigs fed the MR45 diet (P < 0.05), while pigs fed the ER45
and STD diets were similar (Table 3). There was no significant dietary effect on N
digestibility (P > 0.05) but N utilisation (%) was reduced by 11, 15 and 18% from N
digestibility on BR45 and ER45, MR45 and STD, respectively, but the differences were not

significant (P > 0.05).
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Table 3. Performance, Apparent Total Tract Digestibility and N balance in grower pigs fed

blended cassava diets either boiled (BR45), ensiled (ER45) or milled (MR45) or a standard

commercial feed (STD)

Treatment diets

Parameters BR45 ER45 MR45 STD S.E.D. Sig.
Apparent total tract digestibility (%)

DM 84.3° 87.0° 83.9° 69.4° 2.21 Hokk
oM 80.2° 82.6° 85.9° 71.5° 2.39 *x
Ash 46.1 58.2 53.6 31.8 8.20 ns
CF 27.1 335 37.9 38.7 4.96 ns
EE 64.9 67.4 69.3 55.1 5.21 ns
CP 77.3 80.3 76.8 78.1 1.91 ns
Ca 51.6° 57.4° 64.1° 13.7° 4.09 ek
Total P 37.7 53.1 48.4 36.4 46.8 ns
Energy Retained 90.8° 91.4° 90.1° 81.1° 0.91 ke
Growth performance

Start BW (kg) 42.9 42.1 44.7 42.0 2.47 ns
DMI (g/d) 2787° 2194° 1989° 2030* 52.2 ke
ADG (g/d) 919% 856° 1138" 847° 65.3 *
FCR (DM basis) 3.12° 2.59" 1.81° 2.41%* 0.18 *k
Faeces DM (g) 444 311° 356° 685° 23.3 okk
Urine (mL) 3236 2848 2214 2171 516.2 ns
N balance (g/d)

Intake 65.6 59.9 52.9 60.5 4.95 ns
Faeces 15.4 12.1 12.2 13.4 1.54 ns
Digested 50.2 47.8 40.7 47.1 4.15 ns
Urine 18.2 16.5 15.6 19.5 3.40 ns
Retained 32.0° 31.3% 25.1° 27.6% 1.91 *
Digestibility (%) 77.2 79.7 76.8 78.1 1.75 ns
Utilisation (%6)° 66.4 69.2 61.3 59.3 4.80 ns

Means on the same row with superscripts a, b and ¢ are Tukey’s HSD for values significantly different at p<0.05.

S.E.D. is the standard error of differences between any two means.

Significance levels: ns is not significant, * p<0.05, ** p<0.01, *** p<0.001.

N Digestibility (%) = N Retained / N Intake x 100%
>N Utilisation (%) = N Retained / N Digested x 100%
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DISCUSSION

Feed intake, growth and efficiency

Bulky feeds such as boiled or ensiled cassava roots may be expected to reduce
voluntary feed intake compared to the milled cassava root or the wheat based standard diet by
inducing early and prolonged satiety (Bindelle et al., 2008). However, in the present study this
was not the case where DMI on the two bulky diets with 55% cassava (ER45 and BR45) were
almost 2.2 kg and 2.7 kg DM/d respectively. In addition, the high daytime shed temperatures
(~35 °C) did not reduce daily feed intake, which agreed with the finding that high ambient
temperature (above 32 °C) indirectly reduces feed intake during change in fat: lean gain in
growing pigs (Trezona et al., 2002). In the present work, growth rates were driven by high
DM intakes and energy utilisation of over 90% on the blended diets. However, feed
conversion ratios indicated differences in the efficiency of nutrient utilisation for growth.
Increased metabolic heat energy from digestion of dietary fibre affects growing pigs more
than pigs with greater body weight (Noblet and Le Goff, 2001). The dietary fibre content in
STD diet was a disadvantage to the growing pigs when fed to satisfaction under the current

experiment conditions.

Digestibility of nutrients

There were similarities with the reported nutrient digestibility and utilisation of
cassava root diets in this work and in the literature. ATTD of DM, OM, CF, CP, EE and Ash
were comparable to other reports for cassava root diets (e.g. Ospina et al., 1995; Hang, 1998;
Phuc et al., 2000). Ospina et al. (1995) fed cassava root meal in a series of diets with graded
protein levels provided by mineral fortified soybean meal. Two of their diets supplied 250 and
300 g CP/d and provided similar nutrition to our test diets. Phuc et al. (2000) estimated
digestibility coefficients (by regression) for cassava root meal blended with soybean meal,

and further substituted with either ensiled cassava leaves or dry leaves meal. By comparison
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to their estimates, we found lower CF and similar CP ATTD and N digestibility and
utilisation (%), but improved N retained (g/d) for the blended test diets and standard feed. It
appears that the soybean meal and its level of inclusion with cassava roots had different
effects on digestibility in growing pigs regardless of the similar nutrition provided. One likely
factor is that soybean meal is higher in soluble dietary fibre and protein than wheat. In fact,
nutrient utilisation and pig performance in this work were comparable to diets based on
wheat, barley, maize, oats and sweet potato (Bellego et al., 2001; Hansen et al., 2006; Le Gall
et al., 2009; Dom and Ayalew, 20093, b) in diets where dietary fibre did not reduce nutrient
digestibility in growing pigs. The crude and dietary fibre (ADF, NDF and lignin) in the
cassava-root diets was much lower than the wheat-based STD diet. Furthermore the cassava
starch provided a highly digestible source of energy for pig growth. Cassava roots blended at

45% DM provided effective nutrition to match pig performance on the grain based diets.

Effects of dietary fibre from wheat

Wheat bran was the main component in the standard pellet feed (60%) and in the
protein concentrate (35.8%). In the blended diets wheat millrun (35.8%), wheat grain (12%)
and soybean meal (18%) increased the level of dietary fibre (NDF, ADF and lignin). Wheat
and cassava starch are highly digestible in pigs, but cassava roots (peeled) are lower in dietary
fibre. The lower crude fibre digestibility on the blended diets was probably due to insoluble
cellulose and lignin. Reduced digestibility on high dietary fibre is related to body weight and
a shorter retention time of digesta in the gut (Hansen et al., 2006; Ngoc et al., 2013). Insoluble
fibre in wheat bran may not affect ileal digestion, nor undergo microbial degradation,
however, transit time is decreased and faecal bulking in the large intestine results (Bach
Knudsen and Hansen, 1991ab). The latter two effects were observed in pigs fed the standard
diet (STD) where faecal output was much greater. In contrast, faecal output from pigs fed the
cassava root diets was much lower, demonstrating less faecal bulking on the low fibre diets.

Peeled cassava roots did not provide additional dietary fibre and the starch and non-starch
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polysaccharides (NSP) in cassava roots are readily solubilized by the three processing
techniques used (Barampama and Simard, 1995; Teka et al., 2013). Increased solubility
resulted in the elevated digestibility of carbohydrates in blended diets compared to the
standard feed. Digestibility of DM, OM and energy for cassava meal is higher than for maize,
sorghum and barley in pigs (Pascual-Reas, 1997). The improved digestibility of starch and
NSPs provided more energy for growth on the blended cassava root diets. It is presumed that
energy absorbed from hind gut fermentation on cassava diets also contributed to the improved
grower pig performance. However,dietary fibre was a disadvantage to nutrient and energy
utilisation on pigs fed the standard feed, which despite high N retained (g/d) for lean growth

resulted in lower body weight gain.

Nutrient utilisation in grower pigs

Nutrient digestibility rather than the small differences in macronutrient content (< 1.5
MJ DE/kg and < 1.3% CP, and < 0.03 kg lysine/MJ DE) in the four test diets affected pig
growth and feed efficiency. Higher nutrient digestibility was reported for the same genotype
pigs fed cassava root diets, but with lower growth and feed efficiencies (Ospina et al., 1995;
Phuc et al., 2000). Those lower performances were attributed to different environments (cages
versus penned) and protein levels but not the digestibility of cassava roots (Pascual-Reas,
1997). High starch levels in milled cassava roots and low dietary fibre in the boiled, ensiled or
milled roots, resulted in improved energy retention. Moreover, the improved N retained (g/d)
on cassava root diets suggested that the amino acids provided by the complementary protein
concentrate might have been of great benefit for nutrient utilisation despite the lower dietary
protein.. N utilisation was not affected at low protein levels with sufficient amino acid
supplementation (Bellego et al., 2001; Kerr et al., 2003). The cassava root diets were slightly
higher in leucine, lysine, methionine, and methionine+cystine but the higher dietary fibre,
particularly NDF, in the wheat-based standard was a disadvantage. Increased ileal N is

influenced by the level and type of dietary fibre (Schulze et al., 1995; Ngoc et al., 2013) but
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amino acid digestibility is not affected (Sauer et al., 1991). It is likely that ileal N absorption
improved on cassava root diets. Total tract N retained on the diets was superior to cassava
roots blended with fish meal, at 14.2 g/d (Hang, 1998), or soybean meal, at 14.8 g/d (Phuc et
al., 2000), and this was related to higher N intake (g/d) not lower N excretion (g/d).

Reduced urine N and increased faecal N excretion is expected for diets with soluble
dietary fibre but not insoluble fibre (Tetens et al., 1996). However, this was not indicated for
the test diets in this work. The blended cassava root formulations improved N utilisation (%)
and retention (g/d) on par with the standard diet. However, pig growth was poorer when fed
BR45 diets than the MR45 diet despite a much higher DM intake on the boiled roots diet.
This may be explained by greater endogenous secretions in the gut caused by higher nutrient
levels, fibre and protein, which increased the energy required for digestion at the expense of
growth (Nyachoti et al., 1997; Hodgkinson et al., 2000). A non-significant improvement in N
digestibility to N utilisation in pigs fed the boiled root and the ensiled cassava root diets
supports the observation of Hang (1998) that higher levels of cassava root improved N
retention and are an indication of improved amino acid absorption. It is likely that part of this
retained N was from undigested protein used by microbes feeding on the fermentable NSPs
(Van Der Meulen and Jansmen, 1997). There appeared to be no net advantage to pigs fed the
ensiled root diet (ER45) although improved growth rates and feed efficiency and gut health
were reported in pigs fed fermented liquid feeds (FLF). In particular, DMI is not reduced
despite the slurry feeding of FLF and there is an improvement in gut pH and leading to
beneficial changes in the gut microbial population (Canibe and Jensen, 2003; Missotten et al.,

2010). These factors may also apply to fermented cassava roots fed as blended diets.
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CONCLUSIONS

Boiled, ensiled or dry milled cassava roots, blended to 55%DM with a supplementary
protein concentrate can provide more than adequate nutrition for grower pigs compared with a
standard commercial feed in terms of nutrient digestibility, ADG and FCR. Cassava roots are
readily available to smallholder pig farmers in PIC’s where the ensiled feed provides a further
means for improved pig productivity at the farm level by use of stored fermented feed.
However, digestibility and growth performance trials are required to further refine the nutrient

requirements for local mixed genotype crossbred pigs farmed under tropical climate.
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Abstract

Blending sweet potato (Ipomoea batatas, L. (Lam)) with a protein concentrate for pig
feed is a common strategy used by small-scale livestock farmers across Africa, Asia and the
Pacific. However, high dietary fibre in sweet potato (SP) forage may reduce nutrient
utilization and energy metabolism and reduce the growth rate of young pigs. A 32 d metabolic
trial with grower pigs using a 4 x 4 Latin Square design tested the hypothesis that there would
be no difference in Apparent Total Tract Digestibility (ATTD) of nutrients, energy and N-
balance in 25 kg grower pigs (Large White x Landrace x Duroc) fed diets based on a blend of
43-40% protein supplement with 57-60% of dry matter as SP roots either boiled (BR43) or
ensiled alone (ER43) or ensiled with vines (ERV40). Blended SP diets provided about 14-

15% CP, 16.1-16.3 MJ DE/kg DM and 0.54-0.58 g lysine/MJ DE. The control diet (STD)
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contained 16.5% CP, 14.8 MJ DE/kg DM, 0.58 g lysine/MJ DE. The major findings were: 1)
DM intake was higher (P < 0.05) for BR43 than ER43, ERV40 and STD diets, which were
similar; 2) DM ATTD and energy utilization were higher (P < 0.05) in pigs fed SP diets; 3)
Carbohydrate (Nitrogen Free Extracts) ATTD was higher (P < 0.05) in pigs fed BR43 and
ER43 diets while crude protein ATTD of both these diets was similar to STD and higher than
ERV40; 4) ATTD of fats (Ether Extracts), CP, carbohydrates (NFE) and total phosphorus was
lower (P < 0.05) on ERV40, but fibre ATTD was higher; 5) N intake and N retained were
similar (P> 0.05) for pigs fed BR43, ER43 and STD diets but lower for ERV40 (P < 0.05).
Boiled or ensiled SP roots provided high nutrient and energy utilisation in growing pigs but
the inclusion of SP vines lowered ATTD, energy utilisation and N retained from the mixed
diet (ERV40).1t is concluded that boiled or ensiled SP root are equally valuable as blended
feed for grower pigs. However, at 30%DM, ensiled SP vine in blended feed led to reduced

grower pig performance.

Key words: blend feeding, grower pigs, nutrient utilisation, N retained, sweet potato
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Introduction

Sweet potato (Ipomoea batatas, L. (Lam)) forage is abundantly available to small-
scale pig farmers across Africa, Asia and the Pacific where the crop may be used a staple food
or as a cover crop (Ochetim 1993; Peters et al. 2001; Okereke et al. 2012). Sweet potato (SP)
roots are high in carbohydrates and when fed in complex diets (4% to 35% inclusion) may
provide up to 80% digestible DM and 14 to 15MJ/kg DE (Noblet et al. 1993). SP vine and
foliage contain 18 to 21% crude protein on a dry matter basis (Nwokolo 1990) and apart from
other forages and protein by-products such as fish meal, copra meal, millrun and rice bran,
provides an alternative source of protein to grain based commercial pig feeds (An et al. 2005;
Ly et al. 2010). Processing by drying, boiling or ensiling is able to reduce naturally occurring
protease inhibitors and anti-nutrients such as tannins, phytates and oxalates (Bradbury and
Holloway 1988; Lin et al. 1988; Dominguez 1992). SP varieties with low trypsin inhibitor
content are cultivated in Papua New Guinea (Bradbury et al. 1984) where, as in other
countries of the wet-humid tropics such as Laos, and Vietnam, ensiling SP forage is an
effective means of storing feed over the long term, increasing protein levels for pigs and

making full use of crop yield available to small-scale farmers (Peters et al. 2001).

The use of SP forage as pig feed is well studied but the nutritional value of ensiled
mixtures of SP forage to grower pigs remains of interest because of the potential for partially
replacing more costly protein feed inputs and to assess the influence of dietary fibres on
energy metabolism and gastrointestinal health. The ileal and total tract apparent digestibility
of CP of SP vine have been reported to be variable (Dominguez and Ly 1997; Giang et al.
2004a) and improved by ensiling(An et al. 2004). Ensiling SP root and vine also improved the
digestibility of other nutrients (Dom and Ayalew 2009a; Ly et al. 2010). However, N
retention was lowered by the inclusion of SP roots, leaves and vines, making it doubtful if
grower pigs in particular would benefit from high levels of SP fibre (Dom and Ayalew,

2009a). Nevertheless, the use of fresh, dried or ensiled SP vines combined with SP or cassava
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roots provided sufficient nutrition for economically competitive grower-fattener performance

(Gonzalez et al. 2003; Dom and Ayalew 2010; Ly et al. 2010).

Our overall objective was to replace a higher portion of imported grain feed using SP
roots as the major source of starch and fermentable dietary fibre in blended diets used by
small-scale pig farmers. It was hypothesized that SP roots boiled or ensiled with or without
vines, and blended with a complementary protein concentrate, would provide similar feeding
value for grower pigs as a commercial grower feed. The protein concentrate (Pig Conc.1) was
based on wheat (48%), animal protein meals (28%), soybean (18%) and tallow (4%) and
formulated to complement the nutrient shortages in SP roots and foliage, particularly for
lysine and methionine. The SP based diets were balanced to provide similar crude protein
(CP), total lysine and DE content. The hypothesis that including SP at 57% or 60% of diet
DM would have no effect on apparent nutrient digestibility and support similar N retention

was tested in a 32 d metabolism experiment.

Methods and Materials
Experiment location

The experiment was conducted at the Papua New Guinea (PNG) National Agricultural
Research Institute (NARI), Labu Livestock Research Station in Morobe Province (Lat. 6° 40’
277 S Long. 146° 54’ 33” E). The local climate is typically warm and wet with average daily
temperatures of 30°C and 84% relative humidity (NARI, Bubia Station records). Shed
temperature was measured using a glass thermometer placed at pig level adjacent to the cages.
Minimum and maximum temperatures during the trial period were 23.3°C and 35.5°C,
respectively, and relative humidity measured in station surroundings ranged from 77% to 90%

during the same period.
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Pigs and metabolic cages

A group of six (Large White x Landrace) x Duroc castrate male grower pigs from the
same farrowing and weighing 20 to 24 kg were selectedrandomly from a large pool of weaned
pigs at Rumion Piggery Ltd (PNG). The pigs were maintained on standard Pig Grower feed
for 10 d after which 4 pigs weighing 25.5 £ 0.5 kg were allocated to four metabolic cages.
The cages were two double-caged, steel units of dimensions 1.0 m x 1.0 m x 1.5 m on stands
0.7 m above floor level placed in the centre of an open sided shed with the cages positioned

face-to-face for visual contact. The pigs remained in the cages for the entire 32 d experiment.

Treatment diets

The protein concentrate Pig Conc.1 was formulated using the ingredients listed in
Table 1 mixed as a dry meal by Associated Mills Ltd., Lae, PNG. Soybean, wheat and
minerals and other micronutrients were imported products. All other ingredients were
available from local producers. Flame Stock feeds Pig Grower pellet feed, ground in a roller
mill (PSS Ltd) from 10 mm to <5 mm pellet sizewas used as the reference standard (STD). A
local SP cultivar (commonly known as Rachel White, for the red skin and white flesh colour
respectively) was used in this experiment. The highlands grown SP roots, harvested at
maturity, were bought at the Lae Main Market in packed 90 kg bags. Fresh vine from no
specific SP variety was harvested from local gardens around Labu Station. Processing and
ensiling was done immediately the roots and vines were received and silage was fermented
for 14 d before feeding to pigs. Bags of SP roots were stored for up to two weeks for the
boiled prepadiet. SP roots were grated, SP vine were diced into 0.5 to 1 cm pieces, and leaves
shredded into variable strips, using a manually operated chopper and mixed with raw roots for
ensiling. Ensiling methods were modified from Peters et al. (2001) using table salt (NaCl) at
0.05% w/w of feed as a preservative, while roots and vines were not pre-dried or wilted

before ensiling. Processed material was mixed and promptly packed and compressed into
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large 80L bin silos. Two silage treatments were SP roots ensiled alone and SP roots ensiled
with vines at a ratio of 1:1 kg DM. Salt was added at the same proportion to the boiled diet;
acidity in ensiled sweet potato roots was measured at pH 4.0 (unpublished data, M. Dom).
Stored mature roots were washed and boiled for 45 min in water sufficient to cover the
surface of the chopped roots, and with salt added at 0.05% w/w, then allowed to cool before
blending as feed. Four Treatment diets were prepared by weighing fresh components
calculated to provide 2,000 g DM on each feed offered, blended with Pig Conc.1 at 43% for
boiled (BR43) or ensiled SP roots (ER43) and 40% for ensiled mixed SP roots and vines
(ERV40). SP vine blended in ERV40 provided 30% DM. Blending of the feed offered was

done twice daily by hand in large containers.

Experimental procedures

The experimental design was a 4 x 4 Latin Square with four diets fed to grower pigs
over four consecutive 8 d feeding periods, with 5 d of adaptation feeding before 3 d feeding
for sampling. Treatments were arranged in an orthogonal matrix by row and column and the
test diets were interchanged according to the randomized schedule. The test diets were offered
ad libitum and refusals collected every 24 hours on each morning. Feed offered and refused
was weighed on a digital scale (ASDA 692/240; 5000 £ 0.1 g). Fresh piped town water was
readily available from nipple drinkers, and four overhead fans (Air Monster 18” id) were
directed at the cage and clear of the feeding trough and operated at full volume throughout the
feeding period. Manual mist spraying was applied during exceptional heat (30°C) and was
also helpful during humid periods based on the pig behaviour. Body weights were measured
on d 1, 6 and 8 of each period using a digital platform balance (Xiangshan® T3811-JE2; 200
+ 0.02 kg). Pigs were managed according to prescribed Australian animal welfare guidelines
(NHMRC, 2013) with specific methods approved by The University of Adelaide Animal

Ethics Committee (Approval Number 0000016426). The pigs were attended all day and
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regularly inspected at night with measurement of body surface temperature using a digital
thermometer. Close observations were made of the pigs and cage set-up during sample
collection days to ensure clean sepadiet of faeces and urine. There were no indications of
diarrhoea or other abnormality of body condition, temperature, or behaviour and standing in

cages did not negatively affect the feeding behaviour.

Sample collections

Dry pellet feed and the protein concentrate meal were sampled as received from the
mill. SP roots were delivered as fresh roots and in dry milled form. SP vines were delivered
fresh on the day received. Ensiled SP forage was delivered as wet silage after 14 d of
fermentation. All feed was sampled as 1 kg duplicates. Total collection of faeces and urine
was achieved through steel floor bars with 5 mm spacing, onto steel sliding trays, angled to
allow urine to drain off while solid contaminants were trapped by a wire coil allowing urine to
be funnelled through a fine metal-sieve into 2.5 L sealed brown glass bottles. Faeces were
weighed before drying in a Labec® forced air oven at 105°C, milled and stored in a cool, dry
location in Snap-lock® sealed plastic sampling bags. Urine was stored in 500 mL PET bottles
in an upright Westinghouse freezer. Sampling was done over 3 d for each 8 d period and

faeces and urine samples from each test diet were pooled for the collection period.

Nutrient analytical testing

Chemical proximate analysis of feed, faeces and nitrogen in urine was conducted at
the National Analytical and Testing Services Laboratory Ltd (Lae, PNG) by AOAC Official
Methods (2012). Moisture was determined by drying 2 g samples for 2 hours at 135°C in a
forced-air oven (Thermoline Scientific) and dry matter (DM) calculated as DM% = 100% -
Moisture%. Protein was estimated as crude protein (CP) = N x 6.25 (or 5.70 for wheat based

feeds). Nitrogen was determined as Total Kjeldahl Nitrogen by digestion of 0.5 to 1.0 g
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samples in concentrated sulphuric acid (FOSS Tecator™) and subsequent nitrogen
determination on Kjeltec™ 8200 distiller (FOSS). Crude fibre was determined as the
difference of weighed residue on a frittered-glass crucible, after sulphuric acid digestion and
ashing at 500°C. Ash was determined by weighing the resulting inorganic residue from a
dried, ground sample ignited in a muffle furnace at 600°C (SEM SA Pty Ltd). Calcium was
determined by ashing, acid digestion and testing aliquot solutions by flame spectrophotometry
(AAS240FS). Potassium was determined by ashing, acid digestion and testing aliquot
solutions by spectrophotometry (Shimadzu UV1800). Organic Matter (OM) was calculated as
OM% = DM% — Ash%. Nitrogen-free extract (NFE) was calculated from tested feed
proximate data as, NFE% = DM% — CP% — CF% — EE% — Ash%. Essential amino acids,
leucine, lysine, methionine+cysteine, threonine and tryptophan, and dietary fibre as neutral
detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (Lignin) were
calculated from combined formulation ingredients of Pig Conc.1 (Carey Animal Nutrition)
and published values (Heuzé et al., 2015). Digestible Energy (DE) was calculated according
to Noblet and Perez (1993), where DE (kCal) = 4,151 — (122 x Ash%) + (23 x CP%) + (38 x

EE%) — (64 x CF%), R2 = 0.89 and converted to MJ/kg.

Statistical analysis

Suitability of the small sample size was confirmed, a priori and post hoc power was
determined using G*Power Version 3.1.9.2 (Franz Faul, Universitat Kiel, Germany) on
preliminary data from published work under very similar treatments and experimental
conditions (Dom and Ayalew, 2009a).For example, at P< 0.05, expected power was 99.95%
(n = 16), 99.19% (n = 8) and 99.99% (n = 8) for estimating CATTD of DM and CP, and N
retained, respectively. Statistical testing was conducted at 95% significance level. All data
sets were analysed by ANOVA of the Latin Square design using GenStat 15" Edition (VSN

Ltd) where the means were separated by Least Significant Differences.
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Table 1. Nutrient composition of Sweet potato components and treatment diets, as boiled
roots (BR43), ensiled roots (ER43) and ensiled root and vine (ERV40) blended with 43% or

40% Pig Conc.1 and tested against a standard commercial pig feed (STD)

Components Treatment diets

Nutrient :
utrients BR ER ERV PigConc.l BR43 ER43 ERV40  STD

Chemical analysis(% DM)

DM (as fed) 37.7 435 269 87.9 59.3 62.6 51.3 88.0
oM 36.8 418 255 79.1 55.0 57.8 46.9 81.6
Ash 09 17 1.4 8.8 4.30 4.75 4.36 6.4
CF 09 12 2.2 4.1 2.28 2.45 2.96 5.6
Fats (EE) 05 05 0.3 4.4 2.18 2.18 1.94 3.8
CP 1.0 13 1.7 329 14.7 14.9 14.2 16.5
NFE” 344 388 213 37.7 35.8 38.3 27.9 55.7
Calcium 0.09 012 0.12 1.80 0.83 0.84 0.79 0.92
Total P 011 012 01 0.97 0.48 0.49 0.45 0.97
Total N 016 021 0.27 5.26 2.35 2.38 2.27 2.64
Calculated (% DM)

Leucine** 0.05 007 0.12 2.34 1.03 1.04 1.00 1.03
Lysine** 0.04 0.05 0.06 2.03 0.90 0.90 0.85 0.86
Methionine** 0.01 0.01 0.02 0.82 0.36 0.36 0.34 0.24
Met+Cys** 0.03 0.04 0.04 1.26 0.56 0.57 0.53 0.53
Threonine** 0.05 0.06 0.08 1.18 0.53 0.54 0.52 0.51
Tryptophan** 0.01 001 o0.01 0.35 0.15 0.16 0.15 0.17
DE (MJ/kg DM)* 169 164 16.3 15.6 16.3 16.1 16.0 14.8
Lys:DE(g/MJ)" 0.02 003 0.04 1.30 0.57 0.58 0.54 0.58
Ca:P’ 082 100 1.20 1.86 1.26 1.37 1.46 0.94
NDF** 43 49 7.3 17.9 10.1 10.5 115 315
ADF** 20 23 5.0 5.9 3.7 3.8 5.3 9.2
Lignin** 04 05 1.3 14 0.9 0.9 13 2.6
Starch** 26.1 30.1 186 14.6 21.2 23.4 17.0 35.4
Total sugars** 34 40 2.4 4.1 3.7 4.0 3.1 5.3

Note: Protein concentrate (Pig Conc.1), pig grower and Treatment formulations were provided by Carey Animal Nutrition Ltd, 3 Walnut
Grove, Cherrybrook, NSW, Australia, 2126.

Ingredient composition of commercial grower pig feed: Wheat grain 31.2%, Meat meal 5.25%, Fish meal (PNG) 2.0%, Wheat millrun (PNG)
60%, Limestone fine 0.5%, Salt 0.15%, Choline chloride (75%) 0.05%, Lysine HCI 0.2%, Pig Premix{ 0.5%, Mycostat 0.05%, Sorbasafe
0.1%.

Ingredient composition of Pig Conc.1: Wheat grain, 12%, Meat meal 13%, Blood meal 5%, Fish meal (PNG) 10%, Tallow 4%, Soybean
meal 18%, Wheat millrun (PNG) 35.8%, Salt 0.3%, Choline chloride (75%) 0.1%, Rhodimet-88 Liquid (Methionine) 0.4%, Lysine HCI
0.1%, Pig Premixf 1.0%, Mycostat 0.1%, Sorbasafe 0.2%.

tPig Premix: Vitamin A 15.0 miu, Vitamin D 4.0 miu, Vitamin E 45.0 g, Vitamin K 3.0 g, Niacin 25.0 g, Pantothenic Acid 15.0 g, Folic
Acid 1.0 g, Riboflavin/B2 6.0 g, Vitamin B12 30.0 mg, Biotin 100.0 mg, Vitamin B6 3.28 g, Vitamin B1 1.80 g, Cobalt 1.0 g, lodine 1.0 g,
Molybdenum 2.0 g, Selenium 0.15 g, Selplex (inorganic Se) 0.15 g, Copper 10.0 g, Iron 100.0 g, Manganese 50.0 g, Zinc 150.0 g,
Ethoxyquin 125.0 g, Surmax 200 75.0 g, Mold Inhibitor 500.0 g, Rovabio Excel AP T-Flex 50.0 g.

* Nitrogen Free Extracts (NFE), Digestible Energy (DE), Lysine: digestible energy ratio (Lys:DE), Calcium:Phosphorus diet (Ca:P) were
estimated from chemical proximate analysis values in this table.

**Calculated for each of the Treatment components using data from Carey Animal Nutrition formulation of Pig Conc.1 and standard pellet
feed (STD) and for sweet potato roots and vine forage using updated data on Feedipedia (Heuzé et al., 2015).
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Results

The pigs remained in good health throughout the experiment.DM feed intake was not
correlated to changes in daily shed temperatures (data not shown). The DM and nutrient
content of the standard feed (STD) was superior to the SP Treatment diets. Total lysine in all
the diets was about 0.9%, whereas methionine was at least 0.1% higher and DE about 1%

higher, in the blended SP diets (Table 1).

The results for apparent total tract digestibility (ATTD) of nutrients, N utilization, DM
feed intake, daily growth and feed conversion efficiency are given in Table 2. Dry matter
intake (DMI) was higher (P< 0.05) for pigs fed the BR43 than SP test diets and STD. Pigs fed
the ER43, ERV40 and STD diets had similar DMI (P> 0.05). There was a 3 to 12°C
difference in shed temperatures measured at pig level during the 32 d experiment. Average
daily gain (ADG, P = 0.069) and feed conversion ratio (FCR, P = 0.059) differences

approached significance being best for pigs fed ER43 and worst for pigs fed ERV40.

DM ATTD and energy utilization were higher (P< 0.05) for pigs fed the SP diets than
the standard grower diet. OM ATTD was reduced on ERV40 (P< 0.05) whereas BR43 and
ER43 were similar to STD. Carbohydrate (NFE) digestibility was higher (P< 0.05) for BR43
and ER43 but both had similar protein digestibility as STD. Fat (EE), fibre, CP, carbohydrate
(NFE), calcium and total P digestibility were reduced (P< 0.05) on ERV40. N intake and
digested was lower (P< 0.05) for ERV40 while BR43 and ER43 were similar to STD. N
losses in faeces were similar (P> 0.05). N-urine was higher on BR43 and STD and reduced on
the two ensiled SP diets. N-retained was similar (P> 0.05) for BR43, ER43 and STD and

higher than ERV40 (P< 0.05).
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Table 2. Total tract apparent digestible nutrients (%), N balance (g/d), DM intake (g/d),
average daily gain (g/d) and feed conversion ratio (kg/kg) for blended sweet potato diets fed

to (Large White x Landrace) x Duroc grower pigs in metabolic trial

Parameter Grand Treatment means sed Isd Eor
mean  BR43 ER43 ERV40 STD Pr-

Apparent total tract digestibility (%)

DM 78.3 82.6° 829° 71.7° 69.8° 096  2.35 <.001
Ash 44.5 40.9° 589°  36.3° 418 009 022 <.001
oM 67.5 7190 745° 50.4° 73.4* 315  71.72 <.001
EE" 43.4 35.7°  51.0° 276 59.1*  6.20 15.17  0.008
CF 27.8 33.0° 281" 232° 27.1° 124 304  0.001
CP 69.6 73.1* 70.7° 576" 76.9° 3.02 740  0.003
NFE™ 80.1 83.6° 853"  73.6° 7777 111 2.71 <.001
Calcium 27.2 19.0° 465  23.1° 20.0° 872 2134 0.057
Total P 42.6 42.0° 53.9° 304° 44.1% 444 10.85 0.011
Energy 84.3 875  86.8° 82.3° 80.8 053 1.29 <.001
Growth performance

DMI (g/d) 1877 2297% 1924  1350° 1938° 127.7 3124 0.002
ADG (g/d) 784 1004*  761° 555¢ 817"  60.4 147.7  0.002
FCR (DM basis) 2.36 2.22 2.37 2.43 2.44 0.136 0.332 0.390
N Balance (g/day)

N intake 49.2 60.0° 51.4* 338 51.7* 398 973  0.003
N faeces 13.8 147 146* 143 11.6° 158 387  0.252
N digested 35.4 45.3*  36.8° 195 402> 374 914  0.002
N urine 12.7 16.2°  7.5° 8.5" 185° 296 760  0.008
N retained 23.2 27.1° 26.8° 10.8° 28.0° 249 609  0.001
NRY%NTI+ 45.0 453 515° 29.2° 54.1*  5.62 13.75 0.016
NR%ND} 63.2 61.5°  72.4%  49.3° 69.7%  7.29 17.83  0.068

Means with different superscripts are significantly different at P < 0.05.
Treatments: 57% DM as sweet potato boiled roots (BR43) or ensiled roots (ER43) or ensiled roots and vines (ERV40), blended with Pig
Conc.1 at 43% or 40% DM.

*EE is Ether Extracts estimate for fat content in feed. **NFE is Nitrogen Free Extracts, calculated as NFE% = DM% - (EE% + CF% + CP%
+ Ash%) as an estimate for carbohydrates. TNR% of NI is N retention as a percentage of N Intake. {NR% of ND is N retention as a
percentage of N Digested.

Discussion

Our findings that nutrient utilization in grower pigs fed SP roots, either boiled (BR43)
or ensiled (ER43), was generally higher than the wheat based commercial feed (STD) agrees
with previous data for grower pigs fed sweet potato or cassava roots either boiled or ensiled or
as dry meal blended using the same protein concentrate (Dom et al. 2014, 2017; Chapters 3
and 4). Higher fibre content from SP vine inclusion in the silage (ERV40) dramatically
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reduced the nutrient utilization, providing ATTD of 50.4%, 57.6%, 27.6% and 23.2%, for
organic matter (OM), CP, fats (EE), and CF respectively. The CF ATTD was considerably
much lower (44.6%) than other SP diets (67.8%) reported by Dom and Ayalew (2009) using
the same genotype and bodyweight pigs fed on ensiled SP blended with corn-soybean feed
where SP vines provided only 12.5% DM. The higher SP vine content (20% DM) in ERV40
was a disadvantage to digestibility in growing pigs. Dung et al. (2002) report much higher
ATTD for OM (82%), CP (70%) and fats (77%) than those reported here but SP vine in their
diets provided 35%DM, and contained highly digestible cassava starch, fish meal and soybean
oil. Moreover, their Yorkshire pigs were at 45 to 50 kg body weight and were conditioned on
the diets for 14 d before each sample collection period, which allowed pigs more time to
adapt to the high fibre feed. STD Body weight, exposure to diets and genotype of pigs
influences their ability to digest high fibre diets (Guixin et al., 1991; Ngoc et al., 2013;

Regnier et al., 2013).

In similar work, Giang et al. (2004a) used a 1:1 ratio for ensiling SP roots to SP vine,
but in their blended feed the vines provided only 7.2%DM. Their basal feed was composed of
maize meal (48.2%), fish meal (5.0%), soybean meal (10.0%), rice bran (23.0%) and cassava
root meal (12.0%) and they predicted that, apart from superior ATTD for OM (77.9%),
nutrient digestibility for the ensiled mixed SP roots and vine would be similar to the mixed
dry meal form if either feed is offered alone. This suggests that mode of prepadiet does not
affect digestibility when SP vines are included either as dry meal or ensiled at a lower DM
contribution. However, DM, OM, CF and CP digestibility in their Mongcai x Yorkshire F1
crossbred pigs (35 kg) was superior to our results for blended SP silage feed. We report a
lower feeding value for ensiled SP roots with SP vines in 1:1 ratio. Our results show that at
30%DM SP vine inclusion lowered DM digestibility by about 5%, reduced CP and N
digestibility (NR% ingested N) by about 16%, while N-retention (10.8 g/d) was reduced by

60%, compared to boiled (27.1 g/d) or ensiled roots (26.8 g/d) blended alone. The N
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utilisation (NR% digested N) on ERV40 was 12% lower than BR43 and 23% lower than
ER43. It is plausible that PNG’s indigenous crossbred pigs may have different adaptations
similar to the Mongcai pigs for the use of dietary fibre (Ngoc et al. 2013). Rose and White
(1980) report 95.3%, 96.1%, 94.2% and 72.4% for DM, OM, energy and ADF respectively
for chopped raw SP roots, whereas protein digestibility was 42.3% and 57.2% for 10 and 14

month old village pigs respectively.

Nutrient utilization

Crude protein digestibility of BR43 and ER43 were similar to the commercial pig
feed, STD. Nitrogen intake of pigs fed the BR43 was in excess of requirements and more N
was excreted in urine, while urine N was lower on ER43 resulting in similar N retention and
N digestibility to BR43. Nitrogen intake was 43% and 34% lower on ERV40 than BR43 and
ER43, respectively. Sweet potato vines markedly reduced CP and N digestibility when
included in the mixed ensiled diet (ERV40), indicating that protein absorption was reduced
along the entire digestive tract. A shift in N excretion from urine to faeces reflects greater
microbial fermentation for ER43 and ERV40 (Tetens et al. 1996; Wenk, 2001). Nitrogen
retained by pigs fed BR43 (27.1 g/N/d) and ER43 (26.8 g N/d) were on par with the standard
feed (28.0 g N/d). However, N retained by pigs fed ERV40 (10.8 g N/d) was similar to Giang
et al. (2004a) for dried (9.8 g N/d) and for ensiled SP vines (7.5 g N/d). An and Lindberg
(2004) report similar N retention for Large White x Mong Cai grower pigs fed diets
containing 45% ensiled SP leaves blended with SP root meal (11.3 g N/d) or cassava root
meal (11.6 g N/d) or sugar cane molasses (13.4 g N/d). The similar N retention on ERV40
despite much lower CP and N digestibility may be attributed to the genetic ability for protein
retention in the crossbred (Large White x Landrace) x Duroc (25 kg) grower pigs used in this

work.
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Sweet potato vine blended with highly digestible ingredients used by Giang et al.
(2004) and Dung et al. (2002), or with casein (An et al. 2004) provide far better nutrient
digestibility to grower pigs. However, CP total tract digestibility was lowered by SP leaves
more than by cassava residue, groundnut hulls and rice bran blended with maize meal,
soybean meal and fish meal (Len et al. 2007). The amount and type of dietary fibre affects
nutrient utilisation (Stanogias and Pearce, 1985). lleal digestibility is not affected by insoluble
dietary fibre (Bach Knudsen and Hansen, 1991a, b) but soluble fibre reduces nutrient
absorption although starch is not affected (Johansen and Bach Knudsen, 1994). Increased
soluble fibre from pectin lowers protein digestibility but N utilisation in crossbred grower
pigs compensates for lower amounts of digested N (Hansen et al. 2006). This same result of

increased soluble fibre in SP forage was evident in the present results.

Sweet potato forage contains as much as 38% dietary fibre on DM basis (Mosha et al.
1995) and more than twice the amount found in SP roots on fresh weight basis (Almazan and
Zhou, 1995). The vines have a different composition of soluble and insoluble fibres to the
roots but their other anti-nutritional effects are reduced by ensiling (Lin et al. 1988; Giang et
al. 2004b). However, the standard diet contained higher NDF (31.5%) than ERV40 (11.5%)
and as a result ATTD of DM and energy was lower. It is clear that at 30%DM the dietary
fibre in SP leaves and vines had a more marked effect than the higher levels of NDF, ADF
and lignin in the standard feed. The soluble fibre in SP had a greater effect on nutrient
utilisation in the 25 kg pigs, most likely through increased viscosity of digesta in the stomach,
binding the nutrients and thereby reducing their absorption in the small intestine. Dietary fibre
alsoaffects pig gut physiology (Len et al. 2009). While it may be possible that fermentation
resulted in the relatively high energy value of ERV40 there was clearly a marked adverse

effect on N digestibility and N retention.
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Starch solubility and digestion

Changes in starch functional properties and content of other dietary fibres from SP
roots and vines are expected to impact on energy availability and nutrient absorption in the
pig. Boiling SP roots causes gelatinization of starch thereby increasing its solubility
(Valetudie et al. 1995; Sagum and Arcot, 2000). We observed loss of nutrients in the hot
water (colouring and thickening) discarded when preparing SP roots and these were probably
the soluble mineral salts, sugars and some leached starch. However, this did not appear to
disadvantage the BR43 diet. Mature SP roots contain more sugars so fermentation proceeds
rapidly without inoculants or additives. Fermenting SP roots by ensiling uses up the simple
sugars, releases organic acids and increases starch solubility (Giang et al. 2004b). The
pungent aroma from our SP silage liquid effluent indicated organic acids in the silo, where pH
4.0 was measured, but no other tests were performed. The presence of a-amylase in SP roots
may also aid rapid fermentation (Tester and Karkalas, 2006; Nabubuya et al. 2012).
Digestively, starch susceptibility to a-amylase and in vitro absorption increased when rice
was cooked but this did not increase CP ATTD (Sagum and Arcot, 2000). On the other hand,
a-amylase resistant starch or retrograded starch also acts as a dietary fibre in the pig digestive
tract, reducing apparent ileal and total tract digestibility of OM, starch and CP more than
course fibre in sugar beet pulp or wheat bran, even when combined with very highly

digestible starch sources such as rice (Wang et al. 2002).

Starch molecules in boiled SP roots crystallize on cooling and the smaller crystalline
SP starch granules are more rapidly hydrolysed by porcine pancreatic a-amylase andis
correlated with the amylopectin structure (Tian et al.1991; Srichuwong et al. 2005a, b).
Amylopectin is more susceptible to enzymatic digestion than amylose (Singh et al. 2010) and
is as much as 70% of starch solids in SP roots (Waramboi et al. 2011). The higher SP root
carbohydrates (NFE) feed intake on BR43 and ER43 provided higher ATTD than in STD or

ERV40. Our results demonstrate that SP roots alone either boiled or ensiled, blended with the
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complementary protein concentrate were a better nutrient delivery system than offering the
wheat based pellet feed. ERV40, however, provided equally effective energy utilization as

STD.
Feed intake, growth and efficiency

The low growth rate on ERV40 reflected a considerably lower DM intake and N
retention. However, the feed efficiency of ERV40, BR43 and ER43 were on par with the
standard pellet feed, indicating that the SP roots provided a sufficient source of digestible
energy for growth despite reduced feed intake. Lower DM intake of pigs fed on ERV40 may
be due to the bulkiness (Kyriazakis and Emmans, 1995) and early or prolonged satiety caused
by dietary fibres (Wenk, 2001; Bindelle et al. 2008). This was observed when pigs were
offered ERV40. They either stopped feeding sooner and/or consumed a large meal on one day
then less on the next day. Dietary fibre reduces nutrient digestion in younger or lower body
weight pigs(Fernandez and Jorgensen, 1986; Le Goff and Noblet, 2001), both of which were

true for the pigs in this work.

The method of prepadiet did not affect digestibility for boiled or ensiled SP roots.
Pelleting has a minor effect on energy and nutrient digestibility in fibre-rich (5.9-12.6% CF
on as fed basis) diets (Le Gall et al. 2008) and by comparison fibre was higher in STD (5.6%
CF) than ERV40 (2.8% CF). Ensiling SP roots prolonged the storage life and increased the
solubility of nutrients and was more resource efficient than preparing boiled roots. However,
for village based farmers with less need for bulk feed storage by ensiling, blending boiled SP
roots affords superior nutrition, particularly for young pigs. The use of fibrous feeds would
also reduce the maintenance feeding costs for breeding age pigs. Moreover, indigenous and
crossbred pigs may have improved capacity for digesting diets which are high in fibre of
different types (Guixin et al. 1995; Freire et al. 2003; Lindberg, 2014). Pigs farmed in PNG
are admixtures of indigenous and introduced breeds with varying performance (Spencer et al.

2006; Ayalew et al. 2011) and their nutrient requirements have not been fully assessed.

151



Recent growth trials have revealed adequate performance in the modern mixed genotype pigs

(Dom and Ayalew, 2010).

Conclusion

The evidently higher nutrient utilisation for SP roots in either boiled or ensiled form
when combined with the complementary protein concentrate was an important finding for
advancing the nutritional options for small-scale pig production. These two blended SP diets
should be recommended to small-scale pig farmers. The higher CP digestibility and N
retention found for pigs fed the SP root diets could have implications with respect to the
amount of supplementary protein (source) required to meet the pigs N requirement and
warrants follow up. The inclusion of SP vines in the ensiled feed reduced nutrient utilisation
and N retention, probably due to the fibre content. However, there are options for improving
its use such as processing, reduced inclusion levels, combination with more readily digestible
ingredients, controlled feeding, increased total protein or available lysine and essential amino
acids, feeding to larger pigs, and feeding to indigenous pigs and their crossbreeds with
commercial lines. Nevertheless, the marked reduction in ATTD of CP and N elicited by the

vines suggests further research is required.
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ABSTRACT

Sweet potato (SP) and cassava roots are important feeds in Asia-Pacific countries where local
mixed genotype (MG) pigs are bred for meat production. However, the impact of dietary fibre
on nutrient digestibility and N balance when roots are boiled needs examination. Two
consecutive 32 d metabolic trials (Expl and Exp2) in 0.7 m raised double-unit crates (1.0 m x
1.0 m x 1.5 m) allowing separate collection of urine and faeces in a 4 x 4 Latin Square design
with eight MG growing pigs, four in each trial with mean starting body weights of 24.7 + 0.74
kg (Expl) and 30.5 £ 2.15 kg (Exp2), tested the hypothesis that there would be no differences
in performance, nutrient digestibility and N balance from feeding a wheat-based pellet feed

(STD), 570 g/kg DM boiled SP roots (SBR43) or 550 g/kg DM boiled cassava-roots (CBR45)
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or milled-roots (CMR45) blended with a complementary protein concentrate at 430 or 450
o/kg DM, respectively. DM intake on SBR43 and CBR45 were much higher (p<0.05) than
CMR45 or STD however the ADG and FCR shared statistical similarities. Coefficient of
apparent total tract digestibility (CATTD) of DM (0.81-0.88), OM (0.88-0.92) and Energy
utilization (0.97-0.99) were superior (p<0.05) in pigs fed the root-based diets than STD. Fibre,
Protein and Fat CTTAD were also higher on the root-based diets, but Ash, Ca and Total P
CTTAD were reduced (p<0.05) compared with STD. In both experiments N digestibility
(NR-Intake %) and utilization (NR-Digested %) were lower for pigs fed the root-based diets
due to very high urine N losses (p<0.05). However, the N retained (g/d) were comparable and
provided MG pigs with 28.2-34.4 (CBR45), 16.4-23.9 (CMR45), 27.2-31.8 (SBR43) and
23.0-27.5 (STD) g N/d respectively. Digestible nutrients were in excess of the requirements of
MG pigs, particularly for protein N, and further refinement of the nutrition provided by SP

and cassava root-based diets is possible.

Key words: Cassava; digestibility; growing pigs; nitrogen balance; sweet potato
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1. Introduction

Sweet potato (Ipomoea batatas, L. (Lam)) and cassava (Manihot esculenta, Crantz) roots
and forage provide an increasing contribution to livestock feed in many developing countries
across Asia, Africa and the Caribbean (Scott et al., 1992, 2000) and are a major feed resource
in Pacific Island countries (PIC’s) such as Tonga, Vanuatu and Papua New Guinea (Ochetim,
1993). The two root crops are particularly important for the production of the modern mixed
genotype (MG) pigs predominant in Papua New Guinea (PNG) where around two million
animals are kept on village farms and a further 12,000 on smallholder and semi-commercial
production enterprises providing an important source of income (Quartermain and Kohun,
2002) and animal protein (Gibson, 2001). SP and cassava crops serve a dual food-feed
purpose with locally popular cultivars originating from clones supplied by the International
Potato Centre which were recommended for human consumption. Anti-nutritional factors
such as tannins, phytates, and cyanogenic glucosides in cassava, and trypsin inhibitors in
sweet potato (SP), are relatively lower in cultivars grown in PNG and the roots are usually
boiled in water, which improves the digestibility of root starch and other nutrients (Bradbury
et al., 1988; Marfo et al., 1990; Barampama and Simard, 1995; Teka et al., 2013).
Additionally, protein concentrate feeds such as copra meal, fish meal or agro-products such as
corn meal, rice bran and wheat millrun may also be fed to pigs in admixtures or separately.
However, the growth of MG pigs even when maintained under improved conditions remains
lower than their genetic potential and are mostly unpredictable, partly because of inconsistent
feed formulations and feeding regimes. Moreover, the modern MG pigs in PNG reflect a
geographical and historical spread of many different pig genotypes (Spencer et al., 2006;
Ayalew, et al., 2011). Indigenous crossbred animals are of interest because of their inherent
resilience to local environments and ubiquity within local farming communities (e.g. Preston,

2000; Noblet et al., 2013).
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Improved nutrition for production animals, particularly growing pigs was identified as a
critical input for research and development in PNG and other PIC’s (Ochetim, 1993;
Quartermain and Kohun, 2002). Improving the nutrient utilization and performance of locally
farmed livestock species without reliance on grain feeds is a challenge for nutritionists
(Hegarty et al., 2010). Commercially available pellet feeds are grain-based and therefore
subject to rising commaodity prices on global markets, creating an economic burden which is
beyond the small-scale pig farmer’s purse. In local contexts, SP and cassava are more
economical as these crops grow in abundance, produce adequate yield for minimum input and
are harvested all year round (Dominguez et al., 1997; Peters et al., 2001). Therefore, with the
objective of maintaining the major portion being of cheaper home-grown feed, a protein
concentrate was formulated that would complement the nutrient requirements of pigs when
either SP or cassava roots were blended at 55% and 57% DM of the diets with a
complementary protein concentrate. The feeding value of three test diets; boiled SP or cassava
roots, or milled cassava roots, was tested against a commercially available pig grower feed,
used as a proxy standard. The current experiment tested locally bred MG pigs from a
highlands based farm fed diets which were used in previous metabolic experiments using
commercial growing pigs of the standard production genotype (Landrace x Large White) x
Duroc (Dom et al., 2014, 2017). The experiment tested the hypothesis that there would be no
differences in the nutrient digestibility, N balance and growth performance of local MG pigs
fed boiled sweet potato or cassava roots, or milled cassava roots, blended with a wheat-based
protein concentrate compared to a commercially available wheat-based pellet feed used as a

standard.

2. Methods and Materials

2.1 Experiment location
Two consecutive metabolic experiments were completed from 15 January to 19 February

and 20 February to 24 March 2015 at the National Agricultural Research Institute (NARI)
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Labu Livestock Research Station (6° 40° 277 S 146° 54° 33” E), about 15 min by road from
Lae Town. Feed, faecal and urine samples were stored on station before delivery to the

National Analytical and Testing Services Laboratory, University of Technology, Lae Town.

2.2 Experiment design and animals

Metabolic experiments were conducted in a 4 x 4 Latin Square design with four diets as
interchanged treatments fed to four growing pigs over four consecutive 8-d feeding periods.
Locally bred mixed genotype pigs were sourced from Robinson Kale Family Piggery at
Kindeng, Jiwaka Province (5° 52° 9”7 S, 144° 41’ 50” E), approximately 30 min by road from
Banz township (1,606 m altitude). The breeding stock was established over 30 years by
multiple crossings of local village pigs (predominantly the boar line) with introduced breeds
including Large White, Large Black, Landrace, Duroc, Berkshire and Tamworth (Pers. comm,
Robinson Kale). Eight growing pigs were selected from a large pool (>100 piglets) of
separate farrowing’s from a single boar line, weaned naturally at 7 weeks age. Sows were
treated with lvomectin® pre-farrowing to minimise parasite transmission to their piglets. No
other treatments were administered. All eight pigs were delivered to Labu Station in a single
batch and maintained on limited offer (1.0 kg/pig/day) of the wheat-based pellet feed (STD).
The pigs were divided by weight for use in two consecutive experiments and each placed into
individual metabolism crates for feeding. The first four pigs (24.71 + 1.71 kg BW) were
selected for Experiment 1 after withholding feed for 24 hrs to measure empty body weight.
The remaining four pigs (30.46 + 2.15 kg BW) were maintained on the limited pellet feed
offer and used after another 32 d. All feed was offered ad libitum to pigs in the crates for 24
hours before reweighing of the pigs to an accuracy of 0.01 kg and commencement of the trial
periods. On days 5 and 8 of sequential feeding periods, each pig was removed from its crate
and weighed. All pigs were managed according to the animal welfare guidelines (NHMRC,
2013) as prescribed by the University of Adelaide Animal Ethics Committee (Approval

Number 0000016426).
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2.3 Metabolic crates

Metabolic crates were two double-room, steel units with dimensions 1.0 m x 1.0 m x 1.5
m on stands 0.7 m above floor level. The crates were equipped with sliding trays to collect
faeces. The trays were angled to allow urine to be rapidly drained from the tray. Any solid
contaminants from feed, faeces or hair were trapped by a steel coil which allowed urine to
drip through a funnel directly into a 2.5 L sealed brown glass bottle through a fine metal-
sieve. Each crate was placed in the centre of a concrete pig pen in an open-sided shed. Four
fans were placed at the head of each crate to provide cooling air movement for the pigs for the
dudiet of the experiment. Minimum and maximum shed temperatures were 25 °C and 36 °C,
and 25 °C and 31 °C during Exp 1 and 2, respectively. Relative humidity ranged from 77% to

90% (NARI weather station).

2.4 Treatment diets

A protein concentrate, Conc.1, was formulated by Carey Animal Nutrition (Australia) and
produced in PNG from local and imported products. Conc.1 was designed to complement
nutritional imbalances in SP and cassava roots to provide the treatment diets (Table 1).
Chemical analysis provided proximate nutrient content of the formulated diets. Leucine,
lysine, methionine, methionine + cysteine (Met + Cys), threonine and tryptophan, and dietary
fibre as neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin
(Lignin) were estimated from the combined formulation ingredients of Conc.1 (Carey Animal
Nutrition) and published values for sweet potato roots from Feedipedia.com (Heuzé et al.,

2015).

A commercial grower pig pellet feed was used as the standard diet (STD) for comparison
with nutritionally balanced diets made from SP and cassava blended with Conc.1. Blended
diets consisted of 570 g/kg SP roots with 430 g/kg Conc.1 and 450 g/kg cassava roots blended

with 550 g/kg Conc.1 on a DM basis. The SP (Rachel White) and cassava (yellow) roots from
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identified local cultivars were sourced from Lae Town main market and Dzendzen Village,
Boana District, respectively. The SP roots were purchased in bulk as cured mature roots and
stored for the dudiet of feeding. Cassava roots were cured by the clamp method (Booth, 1976)
in the pig trail shed immediately on arrival after harvest. To prepare boiled feed the SP (SBR)
and cassava roots (CBR) were washed, weighed and placed separately into large steel pots
with fresh tap water sufficient to cover the mass. Salt (0.5% w/w) was added and tubers
allowed to cook for about 45 min. To prepare milled cassava roots (MR), cleaned fresh roots
were grated using a modified flake mill (Project Support Services Ltd), then sun-dried for
about 6 h before being placed into a large-capacity Labec® forced air-draft oven for drying
overnight at 105 °C. Dry SP gratings were milled using a roller mill (Project Support Services
Ltd) to provide a coarse crumble texture (5-10 mm pieces). Salt (0.5% w/w) was added to MR
during mixing with protein concentrate. The wheat-based pellet feed (STD) and Conc.1 meal
were stored as received in hessian bags, and opened bags were kept in two large bins fitted

with lids.

2.5 Feed offer, refusal collection and pig welfare

The feeding and collection procedure followed previous experimental work with similar
diets fed to commercial breed growing pigs (Dom et al., 2014, 2017). The four eight-day
feeding periods included five days for adaptation to the test diets and three days feeding for
total collection of faeces and urine. Feed components were weighed (balance limit 5000 + 0.5
g) fresh to make blended diet weights equivalent to 2000 g DM diet per offer at the first 10 d
period, 3000 g DM for the second and 4000 g DM diet in the third and fourth periods,
ensuring that the pigs were fed to appetite. Feed offered was thoroughly hand-mixed and
stored daily in individual large plastic dishes. To allow ad libitum feeding, additional feed
was provided each day at around 1000 h, 1300 h and 1700 h as required. Any remaining feed
was collected and weighed as refusal. The pigs were washed down every morning and
metabolic crate cleaned daily. Mist spray was provided by hand as required. Clean piped
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water was available at all times through steel-nipple drinkers placed next to the feeding

trough.

Table 1
Nutrient composition of feed components boiled sweet potato and cassava roots, milled
cassava roots, the protein concentrate, three blended treatment diets and wheat-based pellet

feed

Nutrients Components Treatment diets

* *

SBR CBR CMR" Conc.1l’ SBR43 CBR45 CMR45 STD

Analysed composition (g/kg DM)

DM (as fed) 377 388 888 879 603 609 884 880
oM 368 378 865 791 558 564 832 816
Ash 9 10 23 88 45 45 52 64
Fibre 9 6 14 41 23 22 26 56
Ether Extract 5 3 6 44 23 21 23 38
Protein 10 7 17 329 154 152 157 16.5
Calcium 0.9 5.2 12.0 18.0 8.6 11.0 14.7 9.2
Total P 1.1 1.2 2.7 9.7 5.0 5.0 5.9 9.7
Total N 2.0 1.2 2.7 52.6 24.8 24.3 25.2 26.4
Calculated composition (g/kg DM)

Leucine” 0.5 0.4 0.4 234 10.3 10.7 10.7 10.3
Lysine™ 0.4 0.4 0.3 20.3 9.0 9.4 9.3 8.6
Methionine™ 0.1 0.0 0.1 8.2 3.6 3.7 3.8 2.4
Met+Cys”™ 0.3 0.0 0.2 12.6 5.6 5.7 5.8 5.3
Threonine™ 0.5 0.3 0.2 11.8 5.3 5.5 5.4 5.1
DE (MJ/kg) 169 168 16.1 15.6 16.3 16.3 15.9 14.8
Lys:DE (kg/MJ) 0.02  0.03 0.02 1.30 0.55 0.58 0.58 0.58
Ca:P 0.82 433 4.44 1.86 1.73 2.18 251 0.95
NDF™ 43 14 71 179 104 88 119 277
ADF™ 20 6 48 59 37 30 53 81
Lignin™" 4 0.0 15 14 9 6 15 23
Starch™ 261 314 714 146 209 238 458 312
Total sugars~ 34 0.0 21 41 37 18 30 47

*SBR is Sweet potato boiled roots; CBR and CMR are Cassava boiled or milled roots; Conc.1 is the complementary protein concentrate
formulated by Carey Nutrition and blended with SP at 43% DM or with CA at 45% DM, for treatments SBR43, CBR45 and CMR45; wheat-
based pellet feed was the standard, STD.

**Calculated amino acid values for Cassava and Sweet Potato roots from Feedipedia.com (Heuze et al., 2015) combined with major source
from the formulation of Conc.1 (Carey Nutrition)

***Calculated NDF and ADF, Starch and Total sugar values from Feedipedia.com (Heuze et al., 2015); based on the major ingredient
components in cassava, sweet potato and Conc.1, namely, peeled or dehydrated cassava roots, fresh sweet potato roots, wheat grain (low
protein), wheat bran (for wheat millrun) and soybean (low protein, non-de-hulled).
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2.6 Collection of feed, faeces and urine samples

Samples of each feed component were sent for chemical analysis at the beginning of the
experiment. Total collected faeces were weighed fresh, and then dried over 24 h as bulk
samples in a large oven at 105 °C (Labec®), then milled to a coarse meal with a hand-grinder.
Urine samples were collected in sealed 2.5 L brown glass bottles over 24 h each day. Urine
was stored at 4 °C (LG™ refrigerator) immediately after daily sampling. At the end of each 3-
d sampling period dried faeces and urine were separately pooled and duplicate samples stored

at 0 °C (Westinghouse upright freezer) before delivery to the laboratory for chemical analysis.

2.7 Chemical analysis of samples

Chemical proximate analyses of feed, faeces and nitrogen in urine were conducted at the
National Analytical and Testing Services Laboratory Ltd (Lae, PNG) using AOAC (2012)
Official Methods. Dry matter (DM) was calculated as DM%=100%—Moisture% after
determining moisture (AOAC 930.15) by drying samples for 2 h at 135 °C in a forced-air
oven (Thermoline Scientific). Protein was estimated determined by Total Kjeldahl Nitrogen
(AOAC 954.01) after digestion of samples in concentrated sulfuric acid (FOSS Tecator™)
and subsequent nitrogen determination on Kjeltec™ 8200 distiller (FOSS), and estimating
crude protein as CP%=N%x6.25 (or 5.70 for wheat-based feeds). Total fat content (AOAC
920.39) was determined as the ether extracts (EE) in diethyl ether evaporated by Soxhlet
apparatus. Fibre was determined as crude fibre (AOAC 978.10) on a sintered-glass filter as
the weighed residue after sulfuric acid digestion and ashing at 500 °C in a muffle furnace
(SEM SA Pty Ltd). Ash (AOAC 942.06) was determined by weighing the resulting inorganic
residue from a dried, ground sample ignited in a furnace at 600 °C (SEM SA Pty Ltd).
Organic matter (OM) was calculated by OM%=DM%—-Ash%. Calcium (AOAC 927.02) was
determined by Atomic Absorption Spectrophotometry (AAS240FS). Phosphorus was

determined as total P (AOAC 964.06) by spectrophotometry (Shimadzu UV1800). Digestible

171



Energy (DE) was calculated according to Noblet and Perez (1993), where DE (kCal)=4,151—

(122xAsh%)+(23xCP%)+(38xEE%)—(64xCF%), R°=0.89, and converted to MJ/kg.
2.8 Statistical analysis

Suitability of the small sample size, a priori and post hoc power was determined using
G*Power Version 3.1.9.2 (Franz Faul, Universitat Kiel, Germany) on preliminary data from
published work using similar treatment diets, pig genotype and the same experimental
conditions (Dom and Ayalew, 2009a), e.g., at p<0.05 expected powers were 99.95% (n=16),
99.19% (n=8) and 99.99% (n=8) for estimating percent digestibility of DM and CP, and N
retained, respectively. Statistical testing was conducted at 95% significance level. Correlation
coefficients were calculated on Vassar Stats (http://vassarstats.net/index.html) by linear
regression of 32 d shed temperature and DM feed intake. All experiment data were collated
on Microsoft® Excel and then GenStat 15" Edition (VSN International Ltd, 2013) was used
for the ANOVA by Latin Square design with means separated by Tukey’s Honest Significant

Difference (HSD).

3. Results
3.1 Experimental treatment diets

Sweet potato (SP) and cassava diets were nutritionally similar but the higher DM content
of cassava meal increased the starch and calcium content on an as fed basis (Table 1). The
treatment diets were isonitrogenous but not isocaloric due to higher digestible energy
calculated for the root based diets, which although 28% lower in DM content were estimated
to contain slightly higher gross energy than the wheat-based pellet feed used as the standard
comparator. The four diets contained about 9 g lysine/kg and a lysine:DE ratio of about 0.6
kg/MJ, which was within recommendations for growing pigs (NRC, 1998; Moore et al.,
2013). Standard feed was much higher in phosphorus, however, the Ca:P ratio of root based

diets was slightly in excess of recommended daily requirements for growing pigs. The
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estimated dietary fibre (NDF, ADF and lignin) content of standard feed, which contained
wheat grain (31.2%) and wheat millrun (60.0%), was higher than in the blended SP and
cassava diets. The complementary protein concentrate provided more dietary fibre to the
blended root diets from three ingredients, namely, soybean (18%), wheat (12%) and millrun

(369%).

3.2 Experiment 1

3.2.1 Growth performance of MG pigs

Mean BW of 33.4 kg was similar across the trial periods on each test diet for MG pigs
starting at 24.7 = 0.74 kg (BW = s.e.) and finishing at 45.5 + 1.61 kg (Table 2). Overall DM
intake were significantly higher for pigs fed on the boiled root diets CBR45 and SBR43 than
the milled-cassava (CMR45) and standard feed (STD). The pigs were observed to feed more
actively during the cooler hours of the day and at night (no data). However, minimum
(r*=0.05, p=0.05, df=126, one-tailed t-Test) and maximum (r>=0.11, p<.0001, df=126, one-
tailed t-Test) daily shed temperatures determined only 5-11% of the measured DM intake.
However, the mean growth rate (ADG) were similar between the pigs for all four diets
however higher feed intake on CBR45 resulted in higher FCR, whereas the FCR of SBR43

and CMR45 were similar. STD provided the most efficient feed conversion to pig growth.

Faecal DM output was highest for pigs fed STD but there were statistical similarities for
the three root-based diets. Urine output was much lower for pigs fed on the STD diet followed
by CMR45, whereas the two boiled-root diets resulted in similar high urine output. The
moisture content of test diets influenced 28% of the data on the pigs urine output (r?=0.28,

p<.0001, df=46, one-tailed t-Test).
3.2.2 Nutrient digestibility to 33 kg MG pigs

Coefficient of apparent total tract digestibility (CATTD) of DM and OM was higher for

pigs fed the root-based diets (Table 3). Carbohydrate (NFE) CATTD was also higher for pigs
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fed the root-based diets than STD. Ash CATTD was very low for pigs fed on milled-cassava
(CMR45) compared to feeding the boiled-root diets (CBR45 and SBR43) or the STD pellet
feed. Fibre CATTD was higher in pigs fed on the three root-based diets compared to STD. Fat
CATTD was superior for pigs fed the two boiled-root diets compared to the CMR45 and
STD. Protein CATTD was higher in pigs fed the boiled-root diets and STD but on CMR45
the protein digestibility was 7% lower. Ca CATTD was high and similar in pigs fed all the
diets. Total P CATTD was much higher for pigs fed on STD and CBR45, but lower for

CMRA45. Energy utilization was up to 14% higher for pigs fed on the root-based diets.

3.2.3 N balance in 33 kg MG pigs

There were distinct differences in the pigs daily N intake (g/d) on all four diets (Table 4),
with CBR45 providing the highest and CMR45 the lowest intake. Faecal losses of N (g/d) in
the pigs on all four diets were also distinctly different, with CBR45 again the highest but STD
the least. Digested N (g/d) were similar between pigs fed the dry feeds CMR45 and STD but
these were lower than for pigs fed boiled-root diets. The daily N balance results were in line
with the pigs DM intake and faecal DM output for each of the diets (Table 2). Urine N loses
(g/d) were higher in pigs fed the three root-based diets and over 50% lower for pigs fed the
STD diet. N retained (g/d) was the lowest for pigs fed CMR45, whereas there were statistical
similarities between pigs fed the boiled-root and STD diets. N retention (%) from intake (NR-
Intake) and from digested N (NR-digested) was higher for pigs fed the pellet STD. Whereas,
for pigs fed the root-based diets N retention (%) from intake and digested N was much
reduced indicating that regardless of higher N intake the N digestibility to pigs fed these diets

was less efficient than for pigs fed STD pellet feed.
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3.3 Experiment 2

3.3.1 Growth performance of MG pigs

Mean BW of 46.0 kg was similar across the trial periods on each test diet for MG pigs
starting at 30.46 + 2.15 kg and ending at 55.9 + 1.14 kg (Table 2). DM intake was higher for
pigs fed the boiled-root diets CBR45 and SBR43, and lower for pig fed CMR45 or STD.
There was no generally observed change in the pigs feed intake during the day or at night.
Neither minimum (r=0.0017, p=0.323, df=126, one-tailed t-Test) nor maximum (r>=0.0006
p<0.389, df=126, one-tailed t-Test) daily shed temperatures influenced the pigs DM intake.
ADG was higher for pigs fed on the boiled-root diets than CMR45 or STD. FCR were similar

for CBR45, CMR45 and STD but much lower for SBR43.

Faecal DM output was greater from pigs fed STD and SBR43, while for CBR45 and
CMR45 the output was lower. There was higher urine output from pigs fed the boiled-root
diets CMR45 or STD. The moisture content of the diets (Table 1) influenced 23% of the data

on the pigs urine output (r*=0.231, p=0.00027, df=46, one-tailed t-Test).
3.3.2 Nutrient digestibility to 46 kg MG pigs

Coefficients of apparent total tract digestibility (CATTD) for DM, OM and carbohydrate
(NFE) were higher in pigs fed on root-based diets than STD but there were some statistical
similarities for DM CATTD (Table 3). Ash CATTD was much lower for pigs fed the root-
based diets than STD. Fibre CATTD in the pigs was over 22% higher when fed CBR45,
whereas SBR43, CMR45 and STD provided statically similar fibre digestibility to the pigs.
There were distinct differences for Ca CATTD on the four diets, in particular for pigs fed
CBR45 the calcium digestibility was 27% lower than for pigs fed CMR45. Total phosphorus
CTTAD in pigs was over 32% lower for pigs fed the root-based diets than for pigs fed STD

pellet. Energy utilization was up to 12% higher to pigs fed on the three root-based diets.
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3.3.3 N balance in 46 kg MG pigs

N intake (g/d) in pigs fed the boiled-root diets were almost twice that to pigs fed either
CMR45 or STD (Table 4). Faecal N loss (g/d) from pigs was much higher only for SBR43
than the other three diets. The digested N (g/d) were high for pigs fed the boiled-root diets and
similarly lower for pigs fed either CMR45 or STD by about 20 g N/d. There were distinct
differences in the pig urine N loses (g/d) from each of the diets, however the loss was almost
twice as high from pigs fed the root-based diets than the STD pellet. N retained (g/d) was
almost half the amount for pigs fed CMR45 than for pigs fed CBR45 or SBR43, however
STD pellet diet provided pigs with statistically similar N retained to the milled-cassava diet.
The N retention from intake (NR-Intake) and from digested N (NR-Digested) showed some

statistical similarities between the pigs fed on each of the four diets.

Table 2

Growth performance of MG pigs fed blended diets of sweet potato (SBR43) and cassava roots

either boiled (CBR45) or as dry meal (CMR45) and wheat-based pellet feed (STD)

Treatment diets
Parameter Grand SEM P

mean CBR45 CMR45 SBR43 STD

Experiment 1 (25 kg Start BW)

Mean BW (kg) 33.4 33.9° 32.9° 33.5° 33.2° 0433 ns
DMI (g/d) 2,259 2,734° 1,769° 2,449° 2,086° 365 ki
ADG (g/d) 812 857° 821° 832° 736° 64.9 ns
FCR 2.86 3.81° 2.69° 3.05° 1.90° 0.135  *x*
Faeces DM (g) 375 342° 378" 358% 421° 5.71 Fhk
Urine (mL) 1,676 2,314° 1,433° 2,263 696° 91.0 ki
Experiment 2 (30 kg start BW)

Mean BW (kg) 46.0 46.2° 455 46.2° 46.0° 0.307 ns
DMI (g/d) 2,437 3,073 1,652° 3,183" 1,839° 928 Fek
ADG (g/d) 808 1032° 671° 825% 704 45.8 i
FCR 2.92 2.77° 2.55° 3.79° 2.59° 0.07 Hokk
Faeces DM (g) 396 355% 320° 443 467° 24.0 *
Urine (mL) 1,813 2,209° 1,698° 2,385° 960° 65.1 Fek

Means with the same superscript were significant at p<0.05 when separated by Tukey’s HSD
In this and subsequent tables, P: ns is not significant; * p<0.05; ** p<0.01, *** p<0.001.
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Table 3

Coefficients of apparent total tractdiigestibility of nutrients for MG pigs fed blended diets of

sweet potato (SBR43) and cassava roots either boiled (CBR45) or as dry meal (CMR45) and

wheat-based pellet feed (STD)
Nutrient Grand Treatment diets SEM P
mean CBR45 CMR45 SBR43 STD
Experiment 1 (25 kg start BW)
DM 0.84 0.87° 0.85° 0.87° 0.78° 0.004 *kk
oM 0.88 0.92° 0.90° 0.91° 0.79% 0.005 ok
Ash 0.45 0.59° 0.12° 0.46" 0.62° 0.019 *kk
Fibre 0.65 0.79° 0.61° 0.78° 0.40° 0.025 Hokx
Fats 0.64 0.74° 0.53° 0.72° 0.56° 0.028 >k
Protein 0.90 0.92° 0.85° 0.92° 0.91° 0.010 *ok
NFE 0.89 0.93 0.93 0.94° 0.79° 0.002 Hokk
Ca 0.82 0.86° 0.76% 0.79° 0.87° 0.023 *
Total P 0.66 0.73™ 0.41° 0.67° 0.82° 0.024 Heokk
Energy 0.95 0.99" 0.99" 0.97° 0.85°  0.006  x**
Experiment 2 (30 kg start BW)
DM 0.83 0.88" 0.81%* 0.85%® 0.77° 0.018 *
oM 0.87 0.91° 0.88" 0.90° 0.79% 0.015 *ok
Ash 0.43 0.47° 0.36° 0.33° 0.56° 0.010 Hokk
Fibre 0.61 0.81° 0.59" 0.54% 0.50° 0.012 ook
Fats 0.52 0.64° 0.47° 0.57° 0.39° 0.017 *kk
Protein 0.85 0.91° 0.78° 0.86° 0.86° 0.005 Hkk
NFE 0.91 0.94° 0.94° 0.95 0.82° 0.003 Hkx
Ca 0.70 0.81¢ 0.57° 0.68° 0.73° 0.006 Hkk
Total P 0.60 0.55 0.51° 0.49° 0.87° 0.024 Fokok
Energy 0.96 0.98° 0.98° 0.99 0.87*  0.003 Aok

Means with the same superscript were significant at p<0.05 when separated by Tukey’s HSD
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Table 4

N balance in mixed genotype pigs fed blended diets of sweet potato (SBR43) and cassava

roots (CBR45) either boiled or as dry meal (CMR45) and wheat-based pellet feed (STD)

Treatment diets
Nitrogen (g/d) Grand SEM P

mean CBR45 CMR45 SBR43 STD

Experiment 1 (25 kg start BW)

Intake 56.7 66.3° 44 5° 60.7° 55.0° 0.96 Tk
Faeces 7.9 9.7¢ 8.7¢ 7.0° 6.2° 0.03 *ok
Digested 48.8 56.3° 40.6° 54.1° 44.2° 1.54 ek
Urine 21.4 28.1° 21.9° 23.9™ 11.6° 1.08 *ok
Retained 28.0 28.8% 23.9° 31.8° 27.5® 140 *
NR-Intake (%) 45.1 48.0° 35.1° 34.4° 63.0° 344 ok
NR-Digested (%) 53.2 54.8° 43.6° 42.0° 72.3° 3.10 ok
Experiment 2 (30 kg start BW)

Intake 63.8 80.5° 46.9° 79.1° 48.7° 2.25 ko
Faeces 10.4 9.8° 7.8 14.1° 10.1° 0.74 ok
Digested 52.4 65.3" 40.4° 62.2"° 41.8° 1.38 ko
Urine 27.0 29.8° 28.6° 33.8¢ 15.8° 0.13 ke
Retained 25.2 34.4° 16.4° 27.2b° 23.0°  1.87 ok
NR-Intake (%) 41.1 46.2 32.6° 37.4% 48.0° 1.90 ok
NR-Digested (%) 50.5 53.9° 38.9° 49.2% 59.9°  2.23 *k

Means with the same superscript were significant at p<0.05 when separated by Tukey’s HSD
NR-Intake is N Retained as a percentage of N Intake

NR-Digested is N Retained as a percentage of N Digested

4. Discussion
4.1 Nutrient utilization in MG growing pigs

Two consecutive metabolic experiments on mixed genotype (MG) growing pigs revealed
a high digestibility of nutrients from feeding boiled SP or cassava root diets however N
retention was less efficient than for pigs fed the wheat-based pellet diet. Voluntary feed
intake (VFI) was higher on the boiled-root diets (SBR43 and CBR45) and lower for the dry
blended diets (CMR45 and STD). Dom and Ayalew (2009b) and Dom et al., (2010) also
reported elevated DM intake for MG pigs kept in open pens and fed boiled-SP-roots and the
high VFI was on par with nutritionally similar grain diets (wheat, oats, barley, lupins and

soybean) fed to growing pigs of improved genotype (e.g. Hansen et al., 2006; Le Gall., 2009;
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Moore et al., 2013). Dietary fibre (NDF, ADF and lignin) in the standard feed and the bulky
(high moisture) roots did not reduce VFI to MG pigs although this occurs for feeds such as
wheat bran, soybean hulls or sugar beet pulp (Wenk, 2001; Hansen et al., 2006; Bindelle et
al.,, 2008). The feed intake, growth and feed conversion for both experiments were
comparable with several reports on SP and cassava diets fed to grower-finisher pigs of mixed
genotype (e.g. Ospina et al., 1995; Gonzalez et al., 2002; Giang et al., 2004; Tzudir et al.,
2012). These blended diets, therefore, represent an economic alternative to the use of grain
feed for growing pigs. However, poor feed conversion on high DM intake reveals that there
was either a nutritional or a genetic limitation to the maximum growth achieved by the MG
growing pigs.

MG pigs demonstrated over 10% higher DM and OM digestibility for root-based diets
compared to commercial genotype pigs (Dom et al 2014, 2017; Chapters 3 and 4). Boiling
roots increases the solubilisation of starch and dietary fibre (Bradbury et al., 1988;
Barampama and Simard, 1995). An increased fibre digestibility in the root-based diets may
also be related to previous exposure of these animals to high fibre diet and a better ability to
utilize dietary fibre in heavier pigs (Guixin et al., 1991; Noblet et al., 1994; Kyriazakis, 2011).
A higher digestibility of starch and dietary fibre provided much greater energy utilization on
the blended root diets compared to the wheat-based feed. Energy utilization in pigs fed the
root-based diets were superior to a number of complex diets proposed by Noblet et al. (1993)
that contained SP (35%), cassava (20-24%) and wheat (25-29%). The higher NDF content in
wheat may have contributed to the lower energy utilization of the standard feed, since
insoluble fibre increases faecal bulk (Jorgensen et al., 1996) and speeds passage through the
gut (Wilfart et al., 2007). Pelleting does not affect the digestibility of dietary fibre (Le Gall et
al., 2009) whereas peeling the cassava tubers effectively removes dietary fibre and lignin
(Barampama and Simard, 1995; Teka et al., 2013) however the SP roots were not peeled and
may be expected to contribute more dietary fibre (Dhingra et al., 2012). Dietary fibre may

reduce the nutrient digestibility depending on the body weight of the pigs and the retention
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time of food in the gut (Hansen et al., 2006; Ngoc et al., 2013), which did not appear to be the
case in the present experiments although digesta flow rate was not measured. Ngoc et al.
(2013) found that mean retention time would decrease at higher DM intake, but that at lower
feed intake digestibility would improve and this was irrespective of diet or breed of pig.
Restricting the feed offered may be an option worth testing for these nutrient dense diets
when fed to MG pigs.

It is likely that these MG pigs retained better digestive capacity for fibre compared to
commercial genotype pigs used in previous work (Dom et al 2014, 2017; Chapters 3 and 4).
Fibre digestibility was lower in commercial genotype (CG) pigs fed the same blended diets of
milled (0.31) or boiled cassava roots (0.22) or boiled SP-roots (0.33) (Dom et al., 2014,
2017). In PNG village pigs fed raw chopped SP roots digestibility coefficients were 0.97,
0.57, 0.75 and 0.95 for OM, protein, ADF and energy (Rose and White, 1980). The current
MG pigs were crossbred from village pig stock from the PNG highlands and appear to have
inherited the same digestive capacity for fibre. Crossbreed pigs of other indigenous
genotypes, such as Mukota (Ndindana et al., 2002; Chimonyo et al., 2004) and Mong Cai
(Giang et al., 2004; Ngoc et al., 2013), demonstrated an improved utilization for diets much
higher in dietary fibre but also had lower protein digestibility. When pigs are fed to
satisfaction on root-based diets the higher intake of soluble fibre (resistant starch and non-
starch polysaccharides) may reduce protein digestibility (Bach Knudsen and Hansen, 1991;
Hansen et al., 2006) but this did not appear to be the case for the diets in this work. Protein
digestibility was high for the boiled-roots (0.86-0.92) but reduced on milled cassava-roots
(0.78-0.85) where DM intake was also much lower (1,652-1769 g/d). Different ingredient
blends, amounts and processing modify the digestibility of nutrients (Noblet and van Milgen,
2004) so it is also possible that there was some anti-nutritive factor or the physical form of the
dry milled cassava roots affected the palatability and digestibility to pigs. The slightly higher

Ash, Ca and Total P digestibility coefficients for 33 kg compared to 45 kg MG pigs was
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probably more to do with the greater requirements for skeletal development in young pigs at

the lower starting body weight.

4.2 N balance in MG growing pigs

N digestibility (NR-intake) and utilization (NR-digested) for growth in MG pigs fed the
three root-based diets was lower than for the wheat-based diet. In fact, the high urine N
excretion indicated that the MG pigs had absorbed above their nutrient requirements for
protein and amino acids. This was in agreement with other reports on indigenous Mong Cai
pigs and their crossbreeds where N utilization was poorer than for commercially bred pigs
regardless of their N intake (Hang, 1998; Ly et al., 2003).

In this work N intake by pigs on the boiled-root diets was higher than milled-roots or
wheat-based pellet diet. High DM intake influences ileal digestibility of protein and amino
acids but does not affect total tract energy digestibility (Moter and Stein, 2004). Digestible
energy of root-carbohydrates may increase nutrient digestion but also demands greater
secretion of digestive juices which would consequently affect the N balance. This was likely
the case for milled-cassava-roots for which N balance in the pigs was negative in both trials.
It was not likely that soluble fibre in the root-based diets affected the digestion and absorption
of amino acids (Bach Knudsen and Hansen, 1991; Choct et al., 2010). Furthermore, an
increased fermentation of soluble fibre might be expected to cause a shift in N from urine to
faeces (Tetens et al., 1991) which was not the case.

Apart from the very low N retained in 46 kg BW MG pigs fed the milled cassava-roots
(16.4 g N/d) the MG pigs here produced similar results to CG pigs fed the same diets,
notably; boiled SP-roots (27.1 g/d) or cassava-roots (29.9 g/d) or milled cassava-roots (24.6
g/d); and wheat-based diet (27.6 g/d) (Dom et al., 2014, 2017). The similar result
demonstrates a significant improvement in the nutrition for the MG growing pigs and thereby
a measurable improvement in the local farmed genotypes. By comparison, N retained by

Mong Cai and Large White pigs fed wheat bran (68% DM) was 14.63 and 14.5 g/d
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respectively (Ly et al., 2003). Whereas, N retained by the crossbred (Mong Cai x Yorkshire)
fed maize-soybean diet with 12% cassava root meal was 14.9 g/d (Giang et al., 2004).

On the other hand, Dom and Ayalew (2009a) used CG pigs from the same commercial
piggery and found an improvement in N retained from a sole diet of corn-soybean basal (20.3
g N/d) when 50% was replaced by boiled SP roots (28.6 g N/d). At the much lower protein
content in boiled SP-root diet the pig urine N losses were less than 7 g N/d (Dom and Ayalew,
2009a). The lower protein diets fed to CG growing pigs had much improved N utilization. It
Is clear that SP-roots at 57% DM and cassava-roots at 55% DM in the blended diets was not
detrimental to N utilization, but protein and amino acids may need to be reduced for the MG
pigs.

Nutrient and energy utilization by MG pigs was improved on the root-based blended diets
than the wheat-based pellet feed however N utilization was reduced. Determining the
partitioning of digestible energy between lean and fat deposits would provide better
identification of the nutritional requirements for producing pork meat using MG pigs.
Furthermore, it is proposed that reducing the protein content while maintaining a suitable
amino acid profile would improve the efficiency of the blended SP and cassava root diets

which provide highly digestible starch and dietary fibre to locally bred MG pigs.

5. Conclusions

SP and cassava roots blended with the complementary protein concentrate was highly
digestible to mixed genotype growing pigs. SP and cassava root diets provided superior
energy utilization and equivalent nitrogen retention to the wheat-based standard feed.
However, nutrients were in excess of the requirements of these MG pigs, particularly for
protein, and this means that further refinement of the nutrition provided by SP and cassava

root-based diets is possible.
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Abstract

Sweet potato (SP) roots and vines are an important feed resource for smallholder pig
production, providing digestible energy and protein to pigs. Although dietary fibre may
reduce nutrient utilization and N balance in growing pigs offering SP as ensiled feed may
improve the feeding value to indigenous crossbred (mixed genotype, MG) growing pigs. Two
metabolic trials tested the total tract apparent digestibility (TTAD) of nutrients and N balance
in MG growing pigs fed ensiled SP roots (ER) or roots and vines (ERV), blended with two
protein concentrates at 380, 400, 430 and 500 g/kg DM into four treatment diets, ER380,

ER430, ERV400 and ERV500, compared against a standard wheat-based commercial pellet
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diet (STD). The trials were conducted using a 4 x 4 Latin Square design with two sets of four
MG pigs at 23 kg (Trial 1) and 27 kg (Trial 2) starting BW. The trial pigs were offered one of
four diets interchanged during four 8 d periods, with a 5 d adaptation phase and 3 d for total
collection of faeces and urine. Pigs were housed in all-steel metabolic cages (1.0 m x 1.0 m x
1.5 m) on stands 0.7 m above floor level. DMI was higher (2,290-2,739 g/d) for pigs on the
SP-based diets (P<0.05), ADG in Trial 1 was lower (686-718 g/d) but in Trial 2 was similar
(944-1072 g/d) to pigs fed STD (P>0.05), while the FCR (2.72-3.70) was higher than STD
(P<0.05) in both trials. DM, OM, CF, fats (EE), carbohydrates (NFE) and energy coefficients
of TTAD were superior on the SP-based diets, but Ash, Ca and Total P CTTAD were reduced
compared to STD (P<0.05). N retained (g N/d) differed between the diets; 27.1 (ERV400),
20.8-24.8 (ER430), 27.7-29.0 (ERV500), 30.8-31.2 (STD); and did not reflect dietary CP or
amino acid levels, dietary fibre content, or energy digestibility. However, N retention (NR%
intake) and utilization (NR% digested) was inferior to STD for all SP-based diets except
ER380 (Trial 2). Higher faecal N (g/d) (P<0.05) suggested increased hind gut fermentation in
pigs fed on SP-based diets, whereas higher urine N (g/d) (P<0.05) indicated a lower N
requirement. Dietary fibre in SP vines reduced nutrient utilization for growth but MG pigs

adapted over time. Reduced protein and amino acid supplementation is recommended for MG

pigs.

Key words: blended diets, ensiled sweet potato, growing pigs, nutrient utilization

Implications

Feeding sweet potato (SP) and other tropical forages to indigenous pigs is advantageous to
smallholder farming. Local crossbred or mixed genotype (MG) pigs demonstrated a high
digestive capacity for ensiled SP root and vine in blended diets. The fibre in SP vines was
well digested by growing MG pigs and may increase energy supply through hind-gut

fermentation. SP-based diets may conveniently supplement or replace wheat-based
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commercial pellet diets for growing pigs managed by smallholder farmers. Further work is
required to evaluate MG pig protein and amino acid requirements and the effects of SP

dietary fibre on digestion and gut microflora.
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Introduction

Feeding sweet potato (Ipomoea batatas, L. (Lam)) roots and forage to pigs is characteristic of
smallholder farming in tropical countries (Scott et al., 2000) and particularly the use of
indigenous breeds and their crossbred progeny (Rodriguez and Preston, 1997). Ensiling sweet
potato (SP) enables long term preservation of valuable nutrients in the perishable roots and
foliage (Giang et al., 2004a). Fermented feed provides advantages to smallholder pig
production but an added complexity to factors influencing pig nutrition, physiology and gut
health (Giang et al., 2004b; Ngoc et al., 2013; Missotten et al., 2015). Dietary fibre in forage
based diets reduces energy and protein digestibility digestion in growing pigs (Regnier et al.,
2013) although the protein N from SP leaves is well utilized (An et al., 2004 and 2005).
Providing effective nutrition for pigs requires blending with grain-based protein concentrates
which contain a balance of essential amino acids and micronutrients to complement lower
nutrients in ensiled SP feed. There is a need to further study the effect of fermented SP roots

and vines in blended diets.

Additionally, there is interest in the farming of indigenous crossbred pigs fed on tropical
forage diets (Lindberg, 2014). The modern progeny of Papua New Guinean (PNG) village
pigs, differentiated here from unimproved pigs as ‘mixed genotype’ (MG) pigs, are an
important component of smallholder farming systems for household food security and income
(Hide, 2001; Ayalew et al 2011). There is a paucity of research on MG pigs, although it is
recognized that these animals have survived on minimal health, nutrition and management
inputs and thrive on the most basic improvements (Ayalew et al., 2011). One advantage is
that indigenous and crossbred pigs have greater capacity for utilizing high fibre feeds, for
example, the Zimbawean Mukota pigs (Kanengoni et al., 2002) and the Vietnamese Mong
Cai crosses with Large White pigs (Giang et al., 2004b; Ngoc et al., 2013). PNG village pigs
demonstrated high nutrient digestibility when fed raw chopped SP roots (Rose and White,

1980). The digestive capacity of modern MG pigs fed ensiled SP feed as the major feed
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component has not been studied to date. Two metabolic trials were conducted using eight MG
growing pigs to determine nutrient utilization when fed SP roots ensiled with or without vines
blended with two formulated wheat-based protein concentrates. The experiments tested the
hypothesis that there would be no difference to nutrient digestibility, growth performance and
N balance between growing MG pigs fed blended SP-based diets or a wheat-based

commercial pellet feed.

Methods and Materials

Location

Two 32 d metabolic trials were conducted using facilities at the PNG National Agriculture
Research Institute’s (NARI) Labu Station (6° 40° 27” S 146° 54° 33” E) in Morobe Province,
where the climate is tropical humid. Minimum and maximum temperatures during the trials
were 24 °C to 31 °C (Trial 1) and 21 °C to 33 °C (Trial 2), at 40% to 100% RH during the

trials.

Experimental pigs and metabolic crates

Two groups of six castrated male growing MG pigs at body weights (BW) 20.2 + 1.95 kg and
24.1 + 3.44 kg were selected from Robinson Kale Family Piggery, based at Kindeng in
Jiwaka Province (5°47'31"S 144°25'18"E), transported to Labu Station, and maintained on
standard commercial pellet feed for 14 d (Trial 1) and 19 d (Trial 2), after which four pigs
with mean BW’s of 22.9 + 1.14 kg (Trial 1) and 27.1 + 1.3 kg (Trial 2) were placed into
metabolic crates for the experiment feeding. Metabolic crates were two twin-room, all-steel
units with dimensions 1.0 m x 1.0 m x 1.5 m on stands 0.7 m above floor level placed in the
centre of an open sided shed with the crates positioned face-to-face for visual contact. Eight
pigs remained in the cages for the entire 32 d experimental periods. The additional four pigs

were kept in pens.
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Experiment diets

Two protein concentrates, Pig Conc.1 and Universal Conc., were prepared as a dry meal
(Associated Mills Ltd., Lae (PNG)). Soybean, wheat and minerals and other micronutrients
were imported products. All other ingredients were available from local producers. Flame
Stockfeeds Pig Grower (Associated Mills Ltd., Lae (PNG)) pellet (~10 mm) feed was the
control standard (STD). A local SP cultivar (Rachel White) was used to produce SP silages.
The highlands grown SP roots, harvested at maturity in packed 90 kg bags were bought at the
Lae Main Market. Fresh SP vine (four non-specific varieties) was harvested from local
gardens around Labu Station. Processing and ensiling was done immediately when roots and
vines were received and silage was fermented for at least 14 d before feeding to pigs. SP roots
were shredded, SP vine were diced into 0.5 to 1 cm pieces, using a manually operated
chopper. The material was mixed before ensiling; using table salt (NaCl) at 0.05% w/w of
feed as a preservative and promptly packed and compressed into large 80 L polyethylene bins
used as storage silos. Acidity in ensiled sweet potato roots was measured at pH 4.0 (data not
shown). Two silage treatments were SP roots ensiled alone (ER) and SP roots ensiled with
vines (ERV) on a 1:1 kg DM basis. The SP vines provided approximately 300 and 250 g/kg
DM in ERV400 and ERV500 respectively. Four treatment diets were prepared by weighing
fresh components calculated to provide 2,000 g DM on each feed offered. Universal Conc.
was blended at 380 g/kg DM or Pig Conc.1 at 430 g/kg DM with ensiled SP roots providing
620 and 570 g/kg DM in ER380 and ER430 diets respectively; Pig Conc.1 was blended at 400
and 500 g/kg DM with 600 and 500 g/kg DM of mixed SP root and vine silage in diets
ERV400 and ERV500. Blending the daily feed was done by hand in large basins. Nutrient
compositions of the component feeds and the treatments diets are shown in Tables 1 and 2

respectively.
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Table 1 Analysed and calculated nutrient composition of feed components used in the

blended SP-based diets for growing MG pigs

Feed components

Nutrients ER ERV Pig Conc.1* Uni. Conc.’
Analysed comosition (g/kg DM)
DM 435 269 879 903
oM 400 248 791 782
Ash 35 21 88 121
CF 10 30 41 47
EE 2 2 44 92
cP 19 32 329 377
NFE? 370 185 377 266
Ca 4.6 9.3 18.0 20.7
Total P 4.3 3.8 9.7 10.6
Total N 3.0 5.1 52.6 60.3
Calculated composition (g/kg DM)
Leu 1.0 2.2 23.4 25.6
Lys 0.8 1.2 20.3 24.4
Met 0.1 0.3 8.2 10.7
Met+Cys 0.6 0.7 12.6 15.7
Thr 0.9 1.6 11.8 14.3
Try 0.1 0.2 35 4.2
DE (MJ/kg)? 15.5 15.8 15.6 14.2
Lys:DE (kg/MJ)?  0.05 0.08 1.30 1.72
Ca:P? 1.07 2.45 1.86 1.96
NDF? 49 73 179 184
ADF? 23 50 59 63
Lignin® 5 13 14 15
Starch® 301 186 146 80
Total sugars® 40 24 41 44

ER = 100% ensiled sweet potato roots: ERV = ensiled sweet potato roots and vines, mixed on 1:1 DM basis: Pig Conc.1 = Pig concentratel:
Uni. Conc. = Universal concentrate.

*Protein concentrates Pig Conc.1 and Universal Conc. were provided by Carey Animal Nutrition Ltd, 3 Walnut Grove, Cherrybrook, NSW,
Australia, 2126, prepared by Associated Mills Ltd., Lae (PNG.

Ingredient composition of Pig Conc.1: Wheat grain, 120 g/kg, Meat meal 130 g/kg, Blood meal 50 g/kg, Fish meal (PNG) 100 g/kg, Tallow
40 g/kg, Soybean meal 180 g/kg, Wheat millrun (PNG) 358 g/kg, Salt 3 g/kg, Choline chloride (75%) 1 g/kg, Rhodimet-88 Liquid
(Methionine) 4 g/kg, Lysine HCI 1 g/kg, Pig Premix 10 g/kg, Mycostat 1 g/kg, Sorbasafe 2 g/kg.

Pig Premix: Vitamin A 15.0 miu, Vitamin D 4.0 miu, Vitamin E 45.0 g, Vitamin K 3.0 g, Niacin 25.0 g, Pantothenic Acid 15.0 g, Folic Acid
1.0 g, Riboflavin/B2 6.0 g, Vitamin B12 30.0 mg, Biotin 100.0 mg, Vitamin B6 3.28 g, Vitamin B1 1.80 g, Cobalt 1.0 g, lodine 1.0 g,
Molybdenum 2.0 g, Selenium 0.15 g, Selplex (inorganic Se) 0.15 g, Copper 10.0 g, Iron 100.0 g, Manganese 50.0 g, Zinc 150.0 g,
Ethoxyquin 125.0 g, Surmax 200 75.0 g, Mold Inhibitor 500.0 g, Rovabio Excel AP T-Flex 50.0 g.

Ingredients composition of Universal Conc.: Meat meal 140.6 g/kg, Fish meal 105.3 g/kg, Tallow 43.8 g/kg, Soybean meal 219.3 g/kg,
Millrun 384 g/kg, Choline chloride 1 g/kg, Rhodimet-88 liquid (Methionine) 6.3 g/kg, Avizyme (1310) 0.7 g/kg, Mycostat 0.87 g/kg,
Sorbasafe 1.75 g/kg.

“Nitrogen Free Extracts (NFE), Digestible Energy (DE), Lysine: digestible energy ratio (Lys:DE), Calcium: Total Phosphorus diet (Ca:P)
were calculated from chemical proximate analysis values in this table.

®Neutral detergent fibre (NDF), acid detergent fibre (ADF), Lignin, Starch and Total Sugars calculated for each of the Treatment components
using data from Carey Animal Nutrition formulation of Pig Conc.1 and Uni. Conc. and for sweet potato roots and vines using updated data
on Feedipedia (Heuze et al., 2015).
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Table 2 Estimated nutrient composition of the experimental diets on DM basis for testing

digestibility in growing MG pigs

Treatment diets

Nutrients ER380 ER430 ERV400 ERV500 STD!

Calculated from analysed composition (g/kg DM)
DM 613 626 513 574 880
oM 545 582 465 519 816
Ash 68 44 48 55 64
CF 24 23 39 40 56
EE 36 20 19 23 38
CP 155 153 155 184 165
NFE? 330 386 252 273 557
Ca 10.7 8.5 7.9 9.6 9.2
Total P 6.7 4.9 7.1 7.5 9.7
Total N 24.8 24.2 24.7 29.4 26.4

Calculated from analysed and formulated compositions g/kg DM)
Leu 10.3 10.6 11.0 13.0 10.3
Lys 9.7 9.2 9.0 10.9 8.6
Met 4.2 3.6 3.5 4.3 2.4
Met+Cys 6.4 5.8 5.6 6.7 5.3
Thr 6.0 5.6 5.9 6.8 5.1
Try 1.7 1.6 1.6 19 1.7
DE (MJ/kg)? 15.0 15.5 15.7 15.7 14.8
Lys:DE (kg/MJ)? 0.7 0.6 0.6 0.7 0.6
Ca:P? 141 1.46 0.87 1.03 0.94
NDF? 100 105 115 126 315
ADF® 37.9 38.3 53.4 54.4 92
Lignin® 8.6 8.9 13.3 135 26
Starch® 217 234 170 166 354
Total sugars® 41.1 40.2 31.0 32.7 53.0

Treatments: 620 g/kg or 570 g/kg DM as sweet potato ensiled roots (ER380 and ER430), or ensiled roots and vines (ERV400 and ERV500)
blended with Pig Conc.1 at 600 g/kg and 500 g/kg DM respectively.

!STD Pig Grower and Treatment diet formulations were provided by Carey Animal Nutrition Ltd, 3 Walnut Grove, Cherrybrook, NSW,
Australia, 2126.

Ingredient composition of commercial STD Pig Grower feed (Associated Mills Ltd., Lae (PNG): Wheat grain 312 g/kg, Meat meal 52.5
g/kg, Fish meal (PNG) 20 g/kg, Wheat millrun (PNG) 600 g/kg, Limestone fine 5 g/kg, Salt 1.5 g/kg, Choline chloride (75%) 0.5 g/kg,
Lysine HCI 2 g/kg, Pig Premix 5 g/kg, Mycostat 0.5 g/kg, Sorbasafe 1 g/kg.

Pig Premix: Vitamin A 15.0 miu, Vitamin D 4.0 miu, Vitamin E 45.0 g, Vitamin K 3.0 g, Niacin 25.0 g, Pantothenic Acid 15.0 g, Folic Acid
1.0 g, Riboflavin/B2 6.0 g, Vitamin B12 30.0 mg, Biotin 100.0 mg, Vitamin B6 3.28 g, Vitamin B1 1.80 g, Cobalt 1.0 g, lodine 1.0 g,
Molybdenum 2.0 g, Selenium 0.15 g, Selplex (inorganic Se) 0.15 g, Copper 10.0 g, Iron 100.0 g, Manganese 50.0 g, Zinc 150.0 g,
Ethoxyquin 125.0 g, Surmax 200 75.0 g, Mold Inhibitor 500.0 g, Rovabio Excel AP T-Flex 50.0 g.

Nitrogen Free Extracts (NFE), Digestible Energy (DE), Lysine: digestible energy ratio (Lys:DE), Calcium: Total Phosphorus diet (Ca:P)
were calculated from chemical proximate analysis values in Table 1.

®Neutral detergent fibre (NDF), acid detergent fibre (ADF), Lignin, Starch and Total Sugars calculated for each of the Treatment diets using
data in Table 1.
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Experimental procedures

The experimental design used in both metabolic trials was a 4 x 4 Latin Square with four diets
as interchanged treatments fed to growing pigs over four consecutive 8 d feeding periods,
with 5 d of adaptation feeding before 3 d feeding for sampling. Test diets were interchanged
according to a randomized schedule, offered ad libitum and refusals collected every 24 h on
each morning. Feed offered and refused was weighed on a digital scale (ASDA 692/240, 5000
+ 0.1 g). Fresh piped water (local reservoir) was readily available from nipple drinkers, and
four overhead fans (Air Monster 18 id) were directed at the cage and clear of the feeding
trough and operated at full volume throughout the feeding period. Manual mist spraying was
applied when temperatures reached 30 °C and was also applied during humid periods when
pigs displayed discomfort (e.g. restless in cage, scratching, heavy breathing and unsettled
when laying). Body weights were measured on d 1, 6 and 8 of each period using a digital
platform balance (Xiangshan® T3811-JE2; 200 + 0.02 kg). Close daily observations were
made of the pigs and cage set-up during sample collection days to ensure clean sepadiet of
faeces and urine. Pigs were managed according to prescribed animal welfare guidelines
approved by The University of Adelaide Animal Ethics Committee (Approval Number
0000016426). The two metabolic trials were completed without incident to the eight selected
MG pigs. There were no indications of diarrhoea or other abnormality of body condition,
temperature, or behaviour, and standing in crates did not negatively affect the feeding

behaviour.

Sample collections

Dry pellet feed and the protein concentrate meal were sampled as received from commercial
producing mill. SP roots as fresh roots and in dry milled form, and SP vines delivered fresh
were sampled for chemical testing on the day received for processing, while ensiled SP forage
was delivered as wet silage sampled after 14 d of fermentation. Total collection of faeces and

urine was achieved through steel floor bars with 5 mm spacing, onto sliding steel trays,
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angled to allow urine to drain off while solid contaminants were trapped by a wire coil
allowing urine to be funnelled through a fine metal-sieve into 2.5 L sealed brown glass bottles
(Note: sulphuric acid for ammonia N fixation was not available at the time of testing). Faeces
were weighed before drying in a Labec® forced air oven at 105 °C, milled and stored in a
cool, dry location in Snap-lock® sealed plastic sampling bags. Urine was stored in 500 mL
PET bottles in an upright Westinghouse freezer. Sampling was done over 3 d for each 8 d
period and faeces and urine samples from each test diet were pooled for the collection period.

All samples were collected in 1 kg or 0.6 L duplicates.

Nutrient analytical testing

Chemical proximate analyses of feed, faeces and nitrogen in urine was conducted at the
National Analytical and Testing Services Laboratory Ltd (Lae, PNG) using AOAC (2012)
Official Methods for DM (AOAC 930.15), crude protein (AOAC 954.01), and total fat
determined as ether extracts (EE) (AOAC 920.39), crude fibre (AOAC 978.10), ash (AOAC
942.06), calcium (AOAC 927.02) and total phosphorus (AOAC 964.06). Organic matter
(OM) was calculated as OM%=DM%—-Ash%. Digestible Energy (DE) was calculated as DE
(kCal) = 4,151 — (122 x Ash%) + (23 x CP%) + (38 x EE%) — (64 x CF%), R2=0.89 (Noblet
and Perez, 1993) and converted to MJ/kg. Essential amino acids, leucine, lysine,
methionine+cysteine, threonine and tryptophan, and dietary fibre as neutral detergent fibre
(NDF), acid detergent fibre (ADF) and acid detergent lignin (Lignin) were calculated from
combined formulation ingredients of Pig Conc.1 (Carey Animal Nutrition) and published

values (Heuze et al., 2015).

Statistical analysis
Suitability of the sample size and power in the 4x4 Latin Square design was determined on

G*Power Version 3.1.9.2 (Franz Faul, Universitat Kiel, Germany) for statistical testing
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conducted at 95% significance level. Pearson correlation coefficients were calculated for
Minimum and Maximum temperature influence on daily DMI. All data sets were analysed by
ANOVA of the Latin Square design using GenStat 15™ Edition (VSN Ltd) and the means

were separated by Tukey’s Honest Significant Difference (HSD) test.

Results

Treatments

Inclusion of SP vines in the ensiled feed increased the ash, CF, carbohydrates (as NFE), total
P, NDF, ADF and lignin content in the blended diets ERV400 and ERV500 compared to
ER380 and ER430. Total sugar was higher in the blended SP root diets ER380 and ER430.
However, these nutrients were higher in STD diet (Table 2). Five essential amino acid were
estimated to be higher in SPERV500 than the other four diets including STD. DE was similar
in the blended SP diets and these were higher than in the STD pellet diet. Lysine:DE ratio was
superior for ER38 and ERV500. Coefficients of TTAD, growth pig performance and N

balance from Trial 1 and 2 are in Tables 3 and 4 respectively.

Trial 1: MG pigs starting at 23 kg BW

Nutrient digestibility to MG pigs in Trial 1

CTTAD for DM was higher (P<0.05) in MG pigs fed ERV400 than ERV500, ER430 or STD
(Table 3). OM, CF, fats (EE), carbohydrate (NFE) and energy CTTAD were superior in pigs
fed the SP-based diets. Protein CTTAD was higher for pigs fed STD, ERV400 and ERV500
diets and the lowest for pigs fed ER430. Ash, Ca and phosphorus CTTAD were lower on the

SP-based diets than the wheat-based STD.

Growth performance of MG pigs in Trial 1
The mean BW of MG pigs over the 32 d metabolic trial was lower on ERV400 and ERV500

(P<0.05). DMI was higher on ERV400 and ERV500 than ER430 and STD (Table 3). There
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was no correlation between minimum daily temperatures (P=0.456) and DMI. There was
correlation (17% of DMI data) to maximum daily temperature (P<0.001) observed as lower
DMI during hotter days (data not shown). MG pig performance on STD was better than
ERV400 and ERV500 but similar to ER430. Daily faecal DM output was higher from pigs
fed STD and ERV500. Daily urine output (mL) was higher for the three SP-based diets.

N balance in MG pigs in Trial 1

N intake (g/d) to the growing pigs (Table 3) were different between the diets (P<0.05). Faecal
N output (g/d) was higher in pigs fed the SP-based diets than wheat-based STD. Digested N
was highest on ERV500. Urine N losses (g/d) were almost twice as high on the SP-based diets
as STD. N retained (g/d) by MG pigs was better on STD than on SP-based diets. N retention
(NR% intake) was better on STD, while ERV400 and ERV500 were similar and ER430 the

least. N utilization (NR% digested) was highest on the STD diet.

Trial 2: MG pigs starting at 27 kg BW

Nutrient digestibility to MG pigs in Trial 2

CTTAD of DM and OM were higher in pigs fed ER380 and ER430 (P<0.05) (Table 4). Ash
CTTAD were very different to pigs on each of the diets, and higher for ER380 compared to
the other three diets. CF CTTAD was improved in pigs fed SP-the based diets compared to
the wheat-based STD. Fat and CP CTTAD was high for all four diets. Carbohydrate (NFE)
CTTAD was much higher in pigs fed on SP-based diets, than pigs fed on wheat-based STD.
Ca and Total P CTTAD were much higher to pigs fed ER380 and STD than ER430 or
ERV500. SP-based diets provided over higher CTTAD energy to growing pigs compared to

the wheat-based STD.

Growth performance of MG pigs in Trial 2
Mean BW’s of the pigs on the four treatment diets were similar (P>0.05) throughout Trial 2

(Table 4). DMI were 400-700 g higher for the ER380 and ER430 than ERV500 and STD.
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There was no correlation of DMI with minimum (P=0.130) or maximum (P=0.278) daily
temperatures (data not shown). ADG were statistically similar on the four diets however FCR
were very different between ER430 and STD (P<0.05), with ER430 the least efficient. Pigs
fed ERV400 and ERV500 had statistically similar FCR to STD and ER430. Faeces DM
output (g/d) was the lowest from pigs fed ER380 while urine output (mL/d) was over three to

five times higher for pigs fed the SP-based diets than STD diet.

N balance in MG pigs in Trial 2

N intake (g/d) were similar (P>0.05) to pigs fed the SP-based diets despite differences in
dietary CP (Table 1) or DMI (Table 4). There were statistical differences in the pigs daily
faecal N output from each of the diets (P<0.05), but SP-based diets were higher than STD.
Digested N (g/d) to pigs was higher for ER380, but similar for ER430, ERV500 and STD.
Urine N (g/d) losses were much lower on ER380 followed by STD. Urine N losses from pigs
fed ER430 and ERV500 were similar. N retained (g/d) was highest in pigs fed ER380 and
lowest in ER430, where the only major difference between the two diets was the methionine
and Met+Cys levels. N retention (NR% intake) was similar in MG pigs fed ER380, ER430
and STD and lowest for pigs fed on ERV500. N utilization (NR% digested) was different in

MG pigs the four diets and was the highest for pigs fed on ER380.
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Table 3 Coefficients of total tract apparent digestibility, growth performance and N balance
in growing MG pigs fed blended SP silage diets without (ER430) or with vines (ERV400 and

ERV500) or a wheat-based commercial pellet (STD) diet in Trial 1

Treatment means
Parameters ER430 ERV400 ERV500 STD SEM  P-value

Coefficients of apparent total tract digestibility

DM 0.75° 0.78° 0.75° 0.76° 0.048  0.011
OM 0.86" 0.86" 0.85° 0.81° 0.027  <.001
Ash 0.33° 0.47° 0.33° 0.63¢ 0.045  <.001
CF 0.57% 0.72° 0.65™ 0.49° 0.194  <.001
EE 0.78° 0.82° 0.81° 0.76° 0263  0.357
CP 0.76° 0.83" 0.82° 0.84° 0.087  0.003
NFE 0.93 0.91° 0.90° 0.83? 0.074  <.001
Ca 0.13° 0.23° 0.22° 0.57° 0.082  <.001
Total P 0.13? 0.51° 0.21° 0.54¢ 0.044  0.001
Energy 0.97° 0.95° 0.97° 0.85° 0.007  <.001
Growth performance
Mean BW (kg) 41.0° 39.2° 39.0° 41.1° 0.18 <.001
DMI (g/d) 2290% 2607° 2532% 22117 68.8 0.018
ADG (g/d) 915° 684° 718 1000° 39.2 0.003
FCR 2.542 4.09° 3.54%° 2.20° 0.20 0.005
Faeces DM (g/d) 506° 489° 586" 585" 6.83 <.001
Urine (mL/d) 2,750% 3,178% 3,199" 1,072 434 0.039
N balance (g/d)
N intake 55.4° 62.0° 74.49 59.8° 0.35 <.001
Faeces N 23.7° 22.5° 25.2° 13.4° 0.98 <.001
N digested 32.4° 38.2 50.3" 45.7° 0.83 <.001
Urine N 12.6° 13.0° 17.6° 6.5° 0.37 <.001
N retained 20.8° 27.1° 29.0° 31.2¢ 0.28 <.001
NR% intake’ 36.1° 46.2° 45.3° 65.8° 1.65 <.001
NR% digested? 65.3° 79.2° 71.7° 85.4 0.23 <.001

ER430 = 570 g/kg DM ensiled SP roots (ER) blended with 430 g/lkg DM Pig Conc.1: ERV400 and ERV500 = 600 and 500 g/kg DM ensiled
SP roots and vine (ERV) blended with 400 and 500 g/kg DM Pig Conc.1 respectively.

INR% intake is N retained as a percentage of N Intake.

’NR% digested is N retained as a percentage of N Digested.

Values within a row with different superscripts differ significantly at P<0.05.
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Table 4 Coefficients of total tract apparent digestibility, growth performance and N balance
in growing MG pigs fed three blended SP silage diets without (ER380 and ER430) or with

vines (ERV500) or a wheat-based commercial pellet (STD) diet in Trial 2

Treatment means

Parameters ER380° ER430 ERV500  STD SEM P-value
Coefficients of apparent total tract digestibility
DM 0.83° 0.81° 0.74° 0.73 0.090 <.001
oM 0.87° 0.88" 0.83% 0.78° 0.121 0.005
Ash 0.80¢ 0.44° 0.37° 0.53° 0.095 <.001
CF 0.59% 0.65° 0.64° 0.42° 0.411 0.026
EE 0.89° 0.82° 0.78° 0.79° 0.018 <.001
CP 0.88" 0.83° 0.82° 0.81° 0.059 0.001
NFE 0.92° 0.92° 0.90° 0.80° 0.021 <.001
Ca 0.66° 0.18 0.42° 0.50° 0.238 <.001
Total P 0.80° 0.42° 0.27° 0.67° 0.311 <.001
Energy 0.90° 0.95° 0.97¢ 0.86° 0.035  <.001
Growth performance
Mean BW (kg) 45.8° 45.1° 45.0°% 47.2° 0.88 0.328
DMI (g/d) 2717° 2739° 2306° 20772 32.3 <.001
ADG (g/d) 9942 1072° 9442 10672 88.0 0.704
FCR 2.71° 3.70° 2.72% 2.31° 0.21 0.018
Faeces DM (g/d) 458 547" 628" 585" 17.4 0.002
Urine (mL/d) 2123° 2693° 2881° 5942 74.7 <.001
N balance (g/d)
N intake 67.2° 66.4° 67.8" 55.1° 0.77 <.001
Faeces N 19.3 22.1° 25.7¢ 11.7° 0.14 <.001
N digested 49.7° 41.8° 42.5° 43.9° 1.15 0.010
Urine N 8.74% 24.8° 22.8° 17.2° 1.08 <.001
N retained 33.9° 25.8° 27.7% 30.8" 0.84 0.002
NR% intake’ 60.2° 57.0° 40.8 63.7° 2.07 <.001
NR% digested?>  88.1° 75.3° 63.1% 83.4° 0.51 <.001

ER380" = 620 g/kg DM ensiled SP roots (ER) blended with 380 g/lkg DM Uni. Conc.”: ERV400 and ERV500 = 600 and 500 g/kg DM
ensiled SP roots and vine (ERV) blended with 400 and 500 g/kg DM Pig Conc.1 respectively.

INR% intake is N retained as a percentage of N Intake.

’NR% digested is N retained as a percentage of N Digested.

Values within a row with different superscripts differ significantly at P<0.05.
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Discussion

Nutrient utilization in MG growing pigs

This work demonstrated improvement in the nutrient utilization by growing pigs for blended
SP-based diets which was comparable to their performance on a wheat-based commercial
pellet diet. OM, CF and energy digestibility in growing pigs fed the mixed ensiled SP root and
vine diets was better than the wheat-based STD. Energy digestibility was particularly high in
ERV400 and ERV500 diets. Considering that these SP-based diets provided less starch than
STD diet the additional DE gained must have been from the higher digestibility of blended
SP-wheat starch and dietary fibre. Reduced energy digestibility for the STD diet was probably
related to the higher dietary fibre (NDF) and faster passage rate through the gut (Len et al.,
2007), although the latter effect was not measured. Digestibility coefficients in the MG pigs
was similar to that of the PNG indigenous village pigs fed raw SP roots where digestibility
was high despite the lower nutrition provided (Rose and White, 1980). The nutrient profile of
SP-based diets tested in this work were similar to specifications of Australian standards for
growing pigs (e.g. Moore et al., 2013). In addition, digestibility coefficients in these MG pigs
was superior to Mong Cai x Large White crossbred growing pigs fed similar SP-based diets in
Vietnam (An et al., 2004; Giang et al., 2004b). Mong Cai crossbred pigs have physiological
and morphological adaptations for digesting high fibre feeds (Ngoc et al., 2013; Lindberg,
2014). Similar adaptations to improved digestion of fibre may be proposed for the MG pigs
farmed in PNG, although the current population are believed to have genetic admixture with

wild, feral and village populations in PNG (Spencer et al., 2006; Ayalew et al., 2011).

Interestingly, nutrient utilization in the MG pigs was also comparable to commercial
crossbred genotype pigs fed the same ensiled SP root and vine diets and the growth
performance was also better (Dom et al., 2017; Chapter 5). Under similar conditions of
changeover diets and when comparing the same control diet (STD) the MG pigs growth rates

were higher while feed efficiency was similar to CG pigs, based on higher DM intake by MG
208



pigs (Chapter 5). The MG pigs were better able to cope under the experimental procedure
where diets of completely different composition (viz. wheat-based pellets and ensiled SP
roots and vines) were offered interchangingly. This mode of adaptation to changing feed
sources and better growth rate under feeding stress is expected considering the continual
admixture of the indigenous pigs with introduced exotic breeds over several generations
(Hide, 2001; Spencer et al., 2006). In fact, apparent digestibility and growth performance was
higher in the heavier MG growing pigs (23 kg vs. 27 kg) fed SP-based diets. However,
apparent digestibility of the wheat-based control diet did not differ between the two metabolic
trials. It was therefore surmised that a longer exposure to SP feed while under smallholder
farmer management and the subsequent trial adaptation period (14 d vs. 19 d) modified the
MG pig capacity for digesting dietary fibres in blended SP diets, as found to occur with
observations on other crossbred pigs (Len et al., 2009; Ngoc et al., 2013). This is an
important finding considering that the MG pigs are an expanding subset of commercially
farmed growing pigs in PNG where SP is a major feed resource. It is likely that consistent
feeding on the same diets rather than changeover feeding as in these experiments may present
distinct differences in performance of growing pig. Also, the MG pigs in tropical production
environments may be economically competitive to imported commercial exotic genotypes
when using feeds such as sweet potato or cassava (Loc et al., 1997; Dom and Ayalew, 2010).
Local pigs are more adapted to the warm climates and to available fibrous feeds (Kyriazakis,
2011; Lindberg, 2014). The findings support the theory that MG pigs may have improved
capacity to digest the fibre SP vine and foliage. However, other factors, such as variation in
feed ingredients as well as their micronutrient levels, and even small differences in nutrient
composition may also have influenced the outcome of nutrient digestion and absorption.
Nevertheless, superior DM digesstibility in the SP-based diets resulted in much higher energy
digestibility. The higher OM and CF coefficients for SP-based diets indicates increased
fermentation in the hindgut and it is probable that increased fibre digestibility added microbial

N and volatile fatty acids added to the total energy supply (Dierick et al., 1990; Tetens et al.,
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1996). In wheat-based STD the higher dietary fibre (NDF, ADF and lignin) probably lowered
the energy digestibility. Insoluble fibre does not affect ileal digestion whereas soluble fibre
reduces nutrient absorption but not starch absorption (Bach Knudsen and Hansen, 1991). SP
roots and vines provide a mixture of dietary fibre. Although not directly studied in this work,
a slower rate of digesta passage through the gut and fermentation of soluble fibre in the large
intestine affects nutrient absorption and digestible energy balance (Ngoc et al., 2013). The
higher DE supplied by SP roots and vines may have significantly contributed to growth and

maintenance in MG pigs.

Growth performance of growing MG pigs

DMI for pigs fed ERV400 and ERV500 diets was not affected by the bulky ensiled SP vine
and foliage, contrary to some predictions (Bindelle et al., 2008). The amounts of SP-vine
inclusion in the diet were higher than the recommended 100 g/kg DM for growing pigs
(Dominguez, 1992). SP-vine in ERV500 (250 g/kg DM) was not detrimental to performance,
however when fed ERV400 (300 g/kg DM) growth performance was reduced. It appears that
the high DMI in MG pigs when fed ERV400 and ERV500 was not an advantage to growth
performance in lower body weight pigs. Feed conversion ratio for SP-based diets improved in
heavier body weight pigs (Trial 2) and also reflected the better N retained (g/d). The wheat-

based STD produced the best growth performances at lower DMI.

N utilization in growing MG pigs

Crude protein digestibility in pigs fed SP-based diets was comparable to those fed the wheat-
based STD. N retention on SP-based diets was lower than the STD. However, compensatory
improvement in N utilization occurs in growing pigs when soluble fibre (pectin) is included in
the diet (Hansen et al., 2006) and this was observed on the SP-based diets. Utilization if
digested N for retention improved by 18-33% for SP-based diets compared to 20% for STD

diet. SP leaves provide adequate ileal and total tract digestibility for OM (82-88%), CP (74-
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75%) and CF (61%) although lower in DM (An et al., 2004). Higher amounts of SP foliage
reduce N retention and growth and this is mainly due to the increase in dietary fibre
particularly when offered in dry form (Giang et al., 2004; Regnier et al., 2013).The level and
type of dietary fibre may influence ileal N (Schulze et al., 1995; Ngoc et al., 2013) although
amino acid digestibility is not affected (Sauer et al., 1991). SP vines in this work did not
increase dietary fibre in ERV400 or ERV500 compared to the wheat-based STD. Fresh SP-
vines offered at lower levels improve protein digestibility and nitrogen retention due to a
relatively rich amino acid profile in SP leaves (An et al., 2004). The same may be expected
for the ensiled SP vines which included the foliage.

It is apparent that the amino acid supplementation in the concentrate feeds vastly improved
the N absorption. This was evident in the increased faecal and urine N output for pigs fed SP-
based diets despite mostly similar faecal DM output to STD. High DM intake leads to
sloughing of epithelial cells in the gut which adds to faecal N. A shift in N losses from urine
to faeces was found in the SP-based diets and this is an indication of microbial fermentation
in the pig gut (Tetens et al., 1996). However, it is more likely that the SP-based diets provided
in excess of MG pig requirement for protein and amino acids because the urine N loss was
statistically very high. On SP-based diets the improved N utilization was supported by higher
digestible energy and was regardless of levels of crude protein and amino acid or the effects
of dietary fibre. By comparison the wheat-based diet (STD) provided less digestible energy
but greater N retention and utilization to growing MG pigs. The better performance on STD
pellet diet was related to better amino acid absorption. It is surmised that more energy was
required for protein digestion and maintenance needs in the growing pigs fed the SP-based
diets and that this occurred at the expense of growth (Nyachoti et al., 1997; Hodgkinson et al.,
2000). Importantly the N retained by growing pigs fed SP-based diets (20.8-29.0 g N/d)
reached the level for the wheat-based pellet feed (30.8-31.2 g N/d). Further reduction of the
protein levels in blended SP diets with amino acid supplementation is possible for growing

MG pigs and may be unlikely to affect their growth performance (Le Bellego et al., 2002). At
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lower dietary protein adequate amino acid supplementation will provides similar performance

to pigs fed 16% protein (Kerr et al., 2003).

In conclusion, nutrient and energy utilization in growing pigs fed blended diets of SP-roots
ensiled with or without vines was similar to that in the wheat-based commercial pellet feed
however growth performance was reduced. MG pigs demonstrated high capacity for digesting
ensiled SP vines at 25% and 30% DM however these diets may be better suited to finisher
pigs and sows. The higher OM and CF digestibility and high DE gained from SP-based diets
indicated that fermentation in the hindgut contributed to the growing pigs energy balance.
Although dietary fibre in SP vines reduced growth performance, and occurred when pigs were
fed inconsistently on mixed diets, the heavier pigs had adapted over time. Protein digestibility
was high but poorer N retention reflected excess N losses, and possibly contributions from
endogenous sources during digestion and from microbial activity. Nevertheless, N utilization
was improved and indicates that lower protein or amino acid supplementation may be

recommended for MG pigs.
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Abstract

Sweet potato (SP) is an economical feed resource for small-scale farmers growing local
mixed genotype (MG) pigs for income and food security. SP crops are susceptible to climate
induced agronomic challenges in tropical countries where ensiling of roots and vines is a
useful means of feed preservation. When feed availability is limited pig performance is
reduced, however, increased nutrient density may overcome the lower feed intake. Two pig
growth trials were conducted at a research station and a small piggery, to test the hypothesis
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that growth performance of MG pigs would not be different when feed was restricted on diets
composed of either ensiled SP roots (ER) blended with two protein concentrates (ER43 and
ER38) or on two commercial pig pellet feeds (FPG and TPG). The 40 d station trial used 8
castrate male and 8 female pigs at 30.2+7.0 kg BW, fed four diets in a replicated 4x4 Latin
Square design, while the 80-d farm trial used 96 grower pigs, 49 females, 47 castrated males,
at 21.4+5.7 kg BW, in a randomized complete block design with two diet treatments. Feed
offer was restricted to 1.0 kg DM/d on ER43 and ER38, and 1.5 kg DM/d on FPG and TPG
for the station trial as well as ER43 and FPG used on the farm trial. There were no feed
refusals collected during either trial. The on-station diet ER38 ADG (588 g/d) and FCR (2.13)
was superior to other diets (p<0.05). On-farm diet FPG ADG (531 g/d), FCR (2.98) and
finished weight (63.7 kg) was superior to ER43 (p<0.05). Restricted feeding on ensiled SP
roots blended at 57% or 62% DM with complementary protein concentrates provided

adequate DE for MG pigs however higher amino acid content improved growth performance.

Key words: Ensiled sweet potato, growing pigs, protein concentrate, restricted feeding
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Introduction

Sweet potato (Ipomoea batatas, L. (Lam)) is an economical feed resource to smallholder
livestock production in tropical climates (Scott et al. 2000). Feed production may be
challenged by yield decline or crop failure due to disease pathogens and seasonal variations,
which are increasingly influenced by El Nino-driven drought and frost events. This pig feed
research was conducted during an extended dry season in Papua New Guinea (PNG) which
resulted in sweet potato (SP), also the major food crop, being affected by drought conditions
(ABC News, 5 July 2016). Anecdotally, during such periods when food crops fail, PNG
village households try to survive on their pigs for food, barter or trade. However, the
productive potential of SP especially during lush seasons is not fully utilized for food or feed
purposes where there is little postharvest storage or processing of perishable roots and less
utilization of the abundant vine yield after harvest. Ensiling techniques were recommended as
a viable option for extending the shelf-life of SP forage as a fermented feed and presenting a
palatable and highly digestible feed to pigs during lean times (Peters et al. 2001; Dom and
Ayalew 2009a). The fermentation parameters of ensiling SP were studied and a technique was

adapted for local settings (Giang et al. 2004a; Dom and Ayalew 2009b; NARI 2011).

In the Asia-Pacific region over 50% of harvested SP roots and much of the fresh vines goes
toward feeding livestock, particularly the farming of indigenous crossbred pigs and poultry
(Scott et al. 2000; Peters et al. 2001). The same is true in PNG where the indigenous pigs (Sus
scrofa papuensis) have been indiscriminately crossbred with several introduced breeds,
including Landrace, Large White, Large Black, Berkshire, Tamworth and Duroc, so that the
present stock of domesticated village pigs are indistinguishable from feral or wild pigs (Hide
2001; Spencer et al. 2006; Ayalew et al. 2011). There is evidence that local MG pigs have
growth performances suitable for smallholder commercial production although the specific

genotype parameters for lean vs. fat accretion may be indeterminable. Nevertheless, these
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‘mixed genotype’ (MG) pigs are the mainstay of subsistence and smallholder farming,
making significant contributions to household income and food security (Gibson and Rozelle
1998; Quartermain and Kohun 2002) and thrive despite unaffordability or general inadequacy
of feed nutrition or veterinary health services (Ayalew et al. 2011). When feed availability is
limited pig performance is reduced, however, increased nutrient density may overcome the
lower feed intake. Research into the nutrient requirements of local crossbred pigs are of
interest because of their ubiquity in smallholder farming and the digestive implications of
dietary fibre to nutrition and gut health (Regnier et al. 2013; Lindberg 2014). Farming
indigenous crossbred pigs provides an advantage to smallholder pork producers where the
pigs are adapted to local environments, resilient to prevalent diseases and thrive on cheaper
fibrous feeds. The challenge remains to provide consistent feeding levels with the optimum

nutrition for maximizing pig growth performance.

PNG village pigs have a high capacity for digesting raw SP (Rose and White 1980) and are
probably adapted to fibrous feeds as other indigenous crossbred pigs (e.g. Kanengoni et al.
2004; Giang et al. 2004b; Barea et al. 2011). Village pigs increase growth rates when allowed
to forage for earthworms (Rose and Williams 1983) and the performance of the modern MG
pigs was enhanced by modest improvements in management and nutrition (Dom and Ayalew
2010; Dom et al. 2010, 2011). Metabolic testing of ensiled SP roots blended with protein
concentrate demonstrated nutrient utilization and growth in commercial genotype pig
equivalent to feeding standard cereal-based feed (Dom et al. 2017). This current work
assessed the growth performance of MG pigs on the same diets composed of 57% and 62%
DM as SP root silage blended with two formulated protein concentrates at 43% and 38% DM.
The SP-based diets were compared against two different cereal-based pellet feeds. Two
growth trials were conducted at a research station and an intensive small-scale pig farm. The

trials each tested the hypothesis that growth performance of MG pigs would not be different
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when feed was offered in restricted amounts of either blended SP root silage or cereal-based
pellet feed to MG growing pigs bred and managed in a warm lowlands or cool highlands

environment.

Methods and materials
Trial locations

The station trial was conducted at NARI Labu Livestock Research Station, in Lae, Morobe
Province (6°40°27”S 146°54°33”E) having a warm-humid lowlands climate from 9 November
to 19 December 2015 when temperatures ranged between 23-37°Cand humidity 40-81% (Lae,
Nadzab Airport). The farm trial took place at Robinson Kale Family Piggery at Kindeng,
Jiwaka Province (5°47'31"S 144°25'18"E) having a cool-dry highlands climate from 5
November 2015 to 29 January 2016 when temperatures ranged between 9-27°C and humidity

51-99% (Banz Town).

General management of pig stock
Station site

Labu Station has maintained a small pig breeding unit for over 40 years since its
establishment under PNG’s pre-independence Department of Primary Industry. The main
stock kept were of Large White, Large Black and Landrace origin as well as other breeds kept
infrequently, and more recently Duroc boars were introduced. Recent (~10 years)
crossbreeding achieved with either ‘improved’ village pig have maintained 25% and 50%
local genotype in crossbred sows, and further mated with either a commercial pure line boars
or ‘wild’ genotype boar (Ayalew et al. 2011) obtained from a remote location (Madang
Province) to produce weaned pigs for distribution or for research trials on grower pigs. Main

feeds offered were commercial cereal-based pig pellet feed and millrun, which is occasionally
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blended with broiler feeds, corn meal, copra meal or fish meal, and boiled cassava roots and
fresh leaves, as well as other crop residues (e.g. banana pseudo-stems and sugar cane stalks).
Management was the considered ‘best practice’ for smallholder farmers where all housed
pigs, including sows during pregnancy and pigs at weaning, received injectable lvomectin® as
required. Weaned piglets also received oral iron tablets. Large breeding stock (>120 kg BW)
were regularly treated with Panacur®. Anti-biotics are administered on veterinary advice
(National Agricultural Quarantine Inspection Authority) and Screwworm smear (3% Lindane)
applied as required. Pig pens were managed in a fully covered well-ventilated open-wall shed,

with all-concrete floors and walls and piped rain water available through steel nipple drinkers.

Farm site

The Robinson Kale Piggery trial used mixed genotype pigs that were progeny of multiple
crossings of village pigs with various introduced breeds and commercial crossbreeds over a
period of at least 40 years, including Berkshire, Large-White, Large Black, Landrace and
Duroc (Pers. Comm. Mr. Robinson Kale). As of the date of experimentation a consistent sow
line had been maintained with boars sourced externally as required, including an exchange
with Labu Station. The feed is consistently wheat millrun supplemented with sweet potato
grown on-farm, occasionally blended corn meal, copra meal or fish meal was offered to
younger stock, and crop residues including waste pineapples, banana, orange peels, pawpaw
and sugar cane stalks were fed to larger animals. The management of pigs was similar to
those of Labu Station. The pens were all-concrete walls and floor, open-air with 50% roof-

coverage and piped rain water available through steel nipple drinkers.

Experiment pigs and design

The station trial used 16 MG grower pigs from three crossbred Large White x MG boar (3

male, 3 females), Duroc sow x MG boar (5 male, 2 female) and Labu Station MG sow x Kale
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Piggery MG boar (3 female). Four pigs, two female and two castrated male of at least two
weeks difference in farrowing date, were penned in four adjacent all-concrete pens (2mx3m)
fitted with single steel nipple drinkers which provided cool fresh water. The pig shed was an
open-walled, high-roofed structure allowing good shade and ventilation. The pigs were
maintained on commercial pellet feed for 20 d before start of trial. The starting weights were
30.2+7.0 kg. Four pigs were group-fed one of four diets, by restricted offer twice daily (10 am
and 3 pm) in ~1.5 m concrete troughs in a replicated 4x4 Latin Square design lasting 40-ds.
The pigs were washed daily in the mornings before new feed was offered. Pigs in these trials
were managed according to prescribed Australian animal welfare guidelines (NHMRC 2013)
approved by The University of Adelaide Animal Ethics Committee (Approval Number

0000016426).

The farm trial used 96 grower pigs, 49 female and 47 castrated male, which were fed two
diets at starting weights of 21.4+5.7 kg in a randomized complete block design with two
blocks of six replicated pens (approx. 5mx6m) equipped with a single steel nipple providing
cool fresh water. Eight pigs were group-fed once daily (0900-1000 h) in ~2.0 m concrete
troughs on the restricted offer of either ER43 or FPG treatment diets for 80 d. The pig shed
was all-concrete with one-side-open-air and partial roofing to 75 percent of the pen area. The
pigs were washed daily in the mornings before new feed was offered. At the end of the trials

the majority of pigs were maintained on the same diets before sale.

Experimental treatments

Treatments consisted of two SP-based blended diets and two commercially available pellet
feeds, namely, FPG and TPG. FPG was composed of wheat grain 31.2%, meat meal 5.25%,
fish meal (PNG) 2.0%, and wheat millrun (PNG) 60%, according to a formulation provided

by the manufacturer’s nutritionist (Table 1). The precise formulation of TPG was not
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available however the ingredients list consisted of barley, broken rice, rice bran, and pea and
canola meal and soybean meal. Two protein concentrates, Pig Conc.1 and Universal Conc.
were formulated by Carey Animal Nutrition (Australia) and prepared as a dry meal from
Associated Mills Ltd (Lae, Morobe Province). The SP-based diets were ensiled roots blended
at 57% or 62% DM with either Pig Conc.1 (43%) or Universal conc. (38%), and were labelled
ER43 and ER38, respectively (Table 1). The diet treatments were blended daily by hand

before being offered to pigs.

The SP silage was prepared using mature food grade SP roots of a single variety, common
name Rachel White, sourced from local markets washed and cleaned of soil, and the unpeeled
roots were grated on a mechanical shredder (station trial) or a diesel flake mill (farm trial),
retro-fitted with flat cutting knives, before collecting on clean canvass sheets. The modified
flake mill resulted in a crumble type material, whereas the grater used on-station produced
shredded material. Table salt was added at 0.5% w/w of wet material before it was mixed
thoroughly by hand and immediately packed and compressed into polyethylene garbage bags
(Gladbag®), which were sealed air-tight inside of large 80 L bins. Fermentation was allowed

for 14 d before the silos were opened for feeding.

Restricted feed offer

All four diets were used for the station trial while ER43 and FPG were used for the farm trial.
Feed offered was restricted to 1.0 kg DM/pig/d for ER43 and ER38, and 1.5 kg DM/pig/d for
FPG and TPG in the station and farm trials. Feed levels were established during adaptation
periods and adjusted when SP feed supply was unavailable due to an extended drought period.
The restricted feed offer was established in the station trial as the maximum feed intake

during the first hour of feeding. The bulk weight of ER43 and ER38 was effectively 1.6 kg
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and satiety in pigs fed this fresh blended feed was observed to be around the same time as

pigs fed the dry feeds FPG and TPG, therefore this level of feed offer was maintained in trial.

Chemical analyses

Chemical analysis data for the feed proximate nutrients were obtained from preceding work.
The chemical analyses were all conducted at the National Analytical Testing Services
Laboratory Ltd (Lae, PNG) using AOAC methods for moisture (AOAC 930.15), ash (AOAC
942.06), fats (AOAC 920.39), crude protein (AOAC 954.01) crude fibre (AOAC 978.10),
calcium (AOAC 927.02) and total phosphorus (AOAC 964.06). Organic matter was
calculated as OM% = DM% - Ash%. Carbohydrates estimated as nitrogen-free extracts (NFE)
as NFE% = DM% - Ash% - CF% - CP%. Digestible energy (DE) was calculated by DE
(kCal) = 4,151 — (122 x Ash%) + (23 x CP%) + (38 x EE%) — (64 x CF%), and converted to
MJ/kg (Noblet and Perez 1993). Amino acid contents were provided in the protein
concentrate formulation (Carey Nutrition, Australia) and adjusted using updated values for
sweet potato roots (Heuzéet al. 2015). Other nutrient levels were as provided by the respective

feed manufacturers.

Statistical analysis

The station trial was set-up as a replicated 4x4 Latin Square with four pigs as replicates of
similar BW in each pen. At the start of the trial the group mean weights of four pigs across
each pen were 30.7+1.11 kg, 24.8+0.68 kg, 21.2+0.61 kg, and 16.1+1.88 kg. The data were
aggregated by pen. Individual pig BW data (n=64) over the four feeding periods were used to
estimate means for each treatment (diet) block. Data for the pig body weights, feed offer and
refusal, average daily gain (ADG) and calculated feed conversion ratio (FCR) from both trials
was analysed by one-way ANOVA using pens as replicates (station trial) and as blocking

factor (farm trial). Tukey’s Honest Significant Difference (station trial) and Least Significant
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Differences (farm trial) were used for the separation of means on GenStat®15™ Edition (VSN

International).
Table 1

Analysed and calculated nutrient contents of feed components and the treatment diets TPG
and FPG pellet feeds, and ensiled sweet potato roots blended with Pig Conc.1 or Universal

Concentrate (ER38 and ER43)

Components Treatments

N t i t i i * *k
utrien eErR P9 Unh o3 ER3S FPGT TPG
Conc.1 Conc.

Analysed composition (% DM)

Dry Matter (as fed) 43.5 87.9 90.3 62.6 61.3 88.0 92.0
Organic Matter 41.8 79.1 78.2 57.8 55.6 81.6 90.0
Ash 1.7 8.8 12.1 4.8 5.65 6.4 -
Fibre 1.2 4.1 4.7 2.5 2.5 5.6 5.0
Ether Extract 0.5 4.4 9.2 2.2 3.8 3.8 4.0
Protein 1.3 32.9 37.7 14.9 15.1 16.5 16.0
Calcium 0.12 1.80 2.07 0.84 0.86 0.92 -
Total Phosphorus 0.12 0.97 1.06 0.49 0.48 0.97 -
Total Nitrogen 0.21 5.26 6.03 2.38 2.42 2.64 2.60
Calculated composition (% DM)

Leucine 0.07 2.34 2.56 1.04 1.01 1.03 -
Lysine 0.05 2.03 2.44 0.90 0.96 0.86 0.95
Methionine 0.01 0.82 1.07 0.36 0.41 0.24 -
Met+Cys 0.04 1.26 1.57 0.57 0.62 0.53 -
Threonine 0.06 1.18 1.43 0.54 0.58 0.51 -
Tryptophan 0.01 0.35 0.42 0.16 0.17 0.17 -
DE (MJ/kg DM) 16.4 15.6 14.2 16.1 15.6 14.8 135
Lys:DE (kg/MJ DE) 0.03 1.30 1.72 0.58 0.67 0.58 0.70
Ca:P 1.00 1.86 1.96 1.37 1.37 0.94 -
NDF 4.9 17.9 18.4 10.5 10.0 315 -
ADF 2.3 5.9 6.3 3.8 3.8 9.2 -
Lignin 0.5 1.4 15 0.9 0.9 2.6 -
Starch 30.1 14.6 8.0 23.4 21.7 35.4 -
Total sugars 4.0 4.1 4.4 4.0 41 5.3 -

FPG and TPG were commercial pellet feeds; ER43 and ER38 were blended meals of Ensiled SP roots + 43% DM Pig Concl or 38% DM
Universal Concentrate. ER: calculated nutrient contents from the protein concentrate formulation (Carey Nutrition, Australia) and adjusted
using updated values for sweet potato roots on Feedipedia (Heuzéet al. 2015). Pig Conc.1: Wheat grain, 12%, Meat meal 13%, Blood meal
5%, Fish meal (PNG) 10%, Tallow 4%, Soybean meal 18%, Wheat millrun (PNG) 35.8%, Salt 0.3%, Choline chloride (75%) 0.1%,
Rhodimet-88 Liquid (Methionine) 0.4%, Lysine HCI 0.1%, Pig Premix{ 1.0%, Mycostat 0.1%, Sorbasafe 0.2%. {Pig premix: Vitamin A
15.0 miu, Vitamin D 4.0 miu, Vitamin E 45.0 g, Vitamin K 3.0 g, Niacin 25.0 g, Pantothenic Acid 15.0 g, Folic Acid 1.0 g, Riboflavin/B2
6.0 g, Vitamin B12 30.0 mg, Biotin 100.0 mg, Vitamin B6 3.28 g, Vitamin B1 1.80 g, Cobalt 1.0 g, lodine 1.0 g, Molybdenum 2.0 g,
Selenium 0.15 g, Selplex (inorganic Se) 0.15 g, Copper 10.0 g, Iron 100.0 g, Manganese 50.0 g, Zinc 150.0 g, Ethoxyquin 125.0 g, Surmax
200 75.0 g, Mold Inhibitor 500.0 g, Rovabio Excel AP T-Flex 50.0 g. Universal concentrate: Meat meal 14.06%, Blood meal 9.65%, fish
meal 10.53%, Tallow 4.38%, Soybean meal 21.93%, Millrun (PNG) 38.4%, Choline chloride (75%) 0.1%, Rhodimet-88 Liquid
(Methionine) 0.63%, Avizyme 0.07, Mycostat 0.087%, Sorbasafe 0.175%. FPG: Wheat grain 31.2%, Meat meal 5.25%, Fish meal (PNG)
2.0%, Wheat millrun (PNG) 60%, Limestone fine 0.5%, Salt 0.15%, Choline chloride (75%) 0.05%, Lysine HCI 0.2%, Pig Premix{ 0.5%,
Mycostat 0.05%, Sorbasafe 0.1%. TPG nutrient values were estimated by moisture testing and from values provided in the feed ingredients
and nutrient labelling also included Selenium 0.3 mg/kg. A dash (-) denotes unavailable data.
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Results
Treatment diets

FPG and TPG pellet diets and ER43 and ER38 blended diets were of similar DM content,
fibre and total N (Table 1). Lysine level was similar between FPG and ER43, and between
TPG and ER38. Methionine and Methionine+Cystine were higher in the blended SP diets.
Calcium and phosphorus levels were higher on FPG whereas TPG had additional selenium,
which was not supplied in the SP blended diets or FPG. Digestible energy was 1.3 to 2.8
MJ/kg higher on the SP-based ER43, ER38 and FPG diet than on TPG. There were no feed
refusals collected during either station or farm trial.Restricted feed intake on ER43 and ER38

on fresh weight basis was about 1.6 kg/d on station or 2.4 kg/d on farm.

Growth performance

In the station trial, ER38 provided superior (p<0.05) ADG and FCR to MG grower pigs. TPG
provided pigs similar growth rate (p>0.05) to ER38 but feed conversion was 30% lower
(p<0.05). Growth rate on ER43 was the lowest but feed conversion was similar to TPG.
Growth rate on FPG was similar to ER43 and TPG but feed conversion was the lowest.
Measurements of the cooling effect on floor temperature during the day showed a 1-3°C drop
in temperature between wet and dry locations and the water temperature (data not shown). In
the farm trial, FPG provided faster ADG, better FCR and higher finish weights than ER43

(p<0.05).
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Table 2

Mean body weight (BW), average daily gain (ADG) and feed conversion efficiency (FCR) for

the station feed trial of 16 MG grower pigs on restricted offer for 40d

Grand Treatment means (Reps=4 pens)
Parameter mean EPG ER43 ER38 TPG SEM F Pr. CV%
DMI (g/d)” - 1,500 1,000 1,000 1500 - - -
BW (kg)™ 35.5 344* 354® 363" 357 032 0016 1.8
ADG (g/d) 491 435"  417° 588° 526 221  0.001 9.0
FCR (DM basis) 2.99 3.84° 295" 213* 304" 015 <001 10.0

"DMI: dry matter intake assumed at 100% offer on the restricted feeding regime provided to each pig.

“BW: mean body weight for each replicate group of paired male and female pigs over four separate feeding periods by the Latin Square
arrangement for interchanged diets.

Means with different superscript are significant at p<0.05.

Table 3

The effects of a commercial type diet (FPG) or s diets based on ensiled sweet potato on-farm
growth performance as mean body weight (BW), average daily gain (ADG) and feed

conversion ratio (FCR) for 96 mixed genotype grower pigs on restricted offer for 80-days

Treatment means

Parameter ﬁggr:\d (Reps=6 pens) SEM LSD Fpr. CV%
FPG ER43

Adopt BW (kg) 183 183 183 040 127 0900 54
Start BW (kg) 21.4 21.2 21.6 0.42 1.32 0.529 4.8
Finish BW (kg) 61.1 63.7° 58.6° 0.87 274 0002 35
DMI (g/d)* - 1,500 1,500 ; ; ; -
ADG (g/d) 497 531° 462" 9.46  29.80 <001 47
FCR (DM basis) 3.17 2.98° 3.35° 0.09 0.30 0.020 7.3

*DMI: dry matter intake assumed at 100% offer on the restricted feeding regime provided to each pig.
Means with different superscript are significant at p<0.05.

Discussion

The local MG pigs in these two trials were the result of several crossings of introduced
commercial lines; PNG highlands raised village pig crossbred lines from Robinson Kale
Family Piggery, and various parent stocks from the lowlands around Labu Station. It was
assumed that the pigs were representative of the current nationwide scenarios of smallholder
pig farming described elsewhere (Ayalew et al. 2011; Amben et al. 2013). The present growth
rates and feed conversion were comparable to growing pig performance on similar SP root
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diets and restricted feeding of cereal-based feeds (e.g. Daza et al. 2003; Giang et al. 2004b;
Dom et al., 2010). The MG pig performance found in this work was reasonable at the

restricted feeding level and given the heterogeneous genotype.

In this work a drought related feed shortage during commencement of the trials necessitated
reduced feed offer. In the station trial a bulk weight of 1.6 kg/d ER43 and ER38 provided
only 1.0 kg DM/d to pigs. Bulkiness of feeds such as the ensiled SP roots may cause early
satiety in pigs fed ad libitum, lowering the DE intake for growth (Bindelle et al. 2008). The
lower DE was disadvantageous for growth in pigs fed ER43 whereas on ER38 the
performance was better. In the farm trial blended ER43 was offered at 1.5 kg DM/d but again
resulted in lower performance, whereas pigs fed on pelleted FPG attained growth rates
superior to the same diet fed pigs on-station. Furthermore, the growth rate from feeding FPG
on-farm matched that of pigs fed TPG and ER38 diets on-station. There was no clear evidence
of whether blended SP-based or pelleted wheat-based diet was better for growing pigs under
the different levels of restricted feeding. Feed intake and growth rate was similar in growing
pigs fed ad libitum on corn-soybean diets as either a wet-mash or a dry-pellet, but feed
conversion improved on the pellet feed (Chae et al. 1997). Blended diets of boiled, ensiled or
milled roots resulted in similar DMI, ADG and FCR to commercial crossbred pigs fed the
same wheat-based pellet feed (Dom et al. 2017). The same may be expected for these tested
SP-based or wheat-based diets when growing MG pigs are fed to satisfaction. In the present
trials feed conversion on FPG was poorer on-station and better on-farm, and the reverse was
found for ER43. FPG pellet feed was expected to provide more consistent performance and it
is unclear why it produced very different results at the two locations. Furthermore, ER43 was
less efficient for pig performance when fed at a higher level on-farm, while performance of
pigs fed FPG was not related to the restricted feed intake per se. The inconsistent results

between the trial locations suggest that the form of diet presentation was not a factor
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influencing pig growth performance when feed offer was restricted and that some other
factors were involved. It was not certain if the poorer growth performance for ER43 and FPG
in the station trial was due to the procedure of interchanging diets since the small nutrient
differences in ER38 and TPG increased pig performance. In either trial there were no feed
refusals collected for any diet and the pigs all had equal access to the feed. Environmental
factors such as climate, pen size, number of pigs per pen and physical activities, group
feeding habits, and subclinical health problems may also have influenced the different pig

performances on FPG and ER43 between the two trial locations.

There is evidence that the MG pigs can perform exceptionally well on lower nutrition diets. In
trials where station-bred MG pigs were fed to appetite with FPG under the same
environmental conditions ADG was 720-743 g/d and FCR was 2.51-2.60 (Dom and Ayalew
2010; Dom et al. 2011). On the other hand when FPG was offered ad libitum to MG pigs bred
in the high altitude highlands (Tambul, Western Highlands Province) their growth and FCR
was similar to the present results (Dom et al. 2010). However, at that trial location (2,250 m
altitude) it was likely that food energy was also used for heat generation since the pigs were
kept under much lower ambient temperatures (10-20°C) well below the pig thermoneutral
zone (Quiniou et al. 2000). Under the present trial conditions on-station pig growth on FPG
was only 4.3% better than when fed ER43 but on-farm there was a 14.9% difference.
Moreover the growth when pigs were fed ER38 was 35.2% better than FPG. It is likely that if
ER38 had been offered at 1.5 kg DM/d the growth rate may have been as high as 795 kg/d.
Furthermore, ER38 feed offer was lower than TPG but still resulted in better performance. At
restricted feed intake the Lys:DE ratio for ER38 (0.67 kg lysine/MJ DE) and TPG (0.7 kg
lysine/MJ DE) resulted in better growth than ER43 and FPG (0.58 kg lysine/MJ DE).
Previous work provided evidence that apparent DM digestibility of ER38 and ER43 was

higher than the control diet FPG (referred to as STD) (Dom et al., 2017; Chapter 7). However,
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this was based on a very high feed intake. While total tract digestibility of energy in growing
pigs is not affected by reduced feed intake, amino acid digestibility is reduced (Moter and
Stein 2004). Endogenous protein and amino acid contribution increases in pigs on restricted
feeding (Stein et al. 1999). There may be an improved efficiency in the reabsorption of the
endogenous amino acids in growing pig to make up for the lower dietary supply which may
reduce performance since DE will be used for maintenance. The greatest absorption of amino
acids occur 2 h after feeding and nutrient digestibility is better at 0.95% dietary lysine (Zeng
et al. 2013). This may explain why ER38 (0.95% lysine) and TPG (0.96% lysine) resulted in

better growth rates in MG pigs.

A critical result of this work was that consistent feeding of only 1.0 kg DM/d growing MG
pigs were able to maintain reasonable growth rates when fed ensiled SP roots blended with a
suitable protein concentrate. This is recommended to maintain MG pigs during periods of
feed shortage or when holding animals to delay the fattening phase. Growing pigs undergo
compensatory growth in the fattening phase after a period of feed restriction when their
protein requirements are satisfied (Kyriazakis et al. 1991; Ugwu and Onyimonyi 2009). The
same result may be possible with these SP-based diets however the current work did not
extend beyond the growing phase. It is necessary for the SP-based diets to be further tested on
MG pigs fed to satisfaction in order to determine their full growth potential on the improved
nutrition under farm conditions. Genotype assessments may be applied to differentiate the
growth potential as lean or fat deposition in the hybridized stock of local pigs. Along with
carcass evaluations from feeding trials on root-based diets this will provide valuable
information to support further development of the important smallholder pig farming activity
in PNG and other Pacific Island Countries and Territories. Moreover, local feeds such as SP

may provide an opportunity for smallholder farmers to capitalize upon less costly modes of
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meat production through ensiling and storage, where increases in unit productivity of the

farms are regularly affected by seasonal availability of feed.

In conclusion, restricted feeding of ensiled SP roots blended at 57% or 62% DM with a
complementary protein concentrates provides adequate DE for MG pigs, however, a higher

amino acid content improved growth performance.
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1. Introduction

This thesis examines the feeding value of sweet potato (SP) roots and vines and cassava roots
as sources of starch, dietary fibre and plant proteins when used at over 50% DM contribution
in diets formulated for growing pigs in tropical environments. Three root processing methods
and two crossbred pig genotypes were assessed in typical local production systems in Pacific
Island Countries (PIC). Six experiments studied the nutrient utilization and growth
performance of growing pigs fed blended diets based on SP and cassava root in cooked,
ensiled and milled forms, or as mixed SP root and vine silages, blended with complementary
protein concentrates. Three of the experiments looked at nutrient utilization in commercial
genotype (CG) growing pigs fed SP or cassava roots (Chapters 3, 4 and 5). Two more
experiments examined nutrient utilization in local mixed genotype (MG) growing pigs fed
blended SP diets (Chapters 6 and 7). One simultaneously run station-based and a farm-based
feeding trial tested the growth performances of MG pigs under penned management
conditions in lowlands and highlands climates (Chapter 8). The experiments were designed to
test the overall hypothesis that there would be no differences in nutrient utilization, as total
tract apparent digestibility (TTAD) and N balance, or growth performances (DMI, ADG and
FCR), between blended diets of either SP or cassava presented in boiled, ensiled or milled
forms, when fed to CG or MG growing pigs. The treatment diets were formulated to provide
the optimum nutrition for growing pigs of commercial genotype (CG) and compared in each
experiment to a wheat-based pellet feed as a standard reference diet (STD). This established a
benchmark for assessing the performance of mixed genotype (MG) pigs in subsequent
experiments and in other diets formulated for weanlings, sows and finishers, using such
blended diets. SP and cassava based diets were formulated to match the nutrient composition
of the control diet (STD) as closely as possible by balancing DE and crude protein levels, and
amino acid compositions. Table 1 provides the complete set of nutrient compositions for all of

the experimental diets.
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Table 1: Analysed and calculated nutrient composition of the SP and cassava blended diets

and the control wheat-based standard diet (STD) used in metabolic testing with growing pigs

CFSr?ﬁdponen ts SP roots + Pig Conc.1 +jrlji.rctijg;[15c.* SP rog;[; E;I?C\./lines * Cassava roots + Pig Conc.1 ;th'
Nutrients SPMR43 SPBR43 SPER43 SPER38" SPERV40 SPERV50 CAMR45 CABR45 CAER45 STD
Analysed composition (% DM)

DM 854 59.3 55.8 61.3 51.3 574 88.4 60.9 59.0 88.0
oM 80.6 55.0 51.3 54.5 46.5 51.9 83.2 56.4 54.5 81.6
Ash 4.8 4.3 45 6.8 4.8 55 5.2 45 45 6.4
CF 2.7 2.3 2.3 24 3.9 4.0 2.6 2.2 2.2 5.6
Fats 23 2.2 21 3.6 19 23 23 21 21 38
CP 155 147 14.7 155 155 18.4 15.7 15.2 15.2 16.5
NFE 60.1 35.8 32.3 33.0 25.2 27.3 62.6 36.9 35.0 55.7
Calcium 0.83 0.83 0.83 1.07 0.79 0.96 1.47 1.10 1.07 0.92
Total P 0.51 0.48 0.47 0.67 0.71 0.75 0.59 0.50 0.50 0.97
Total N 2.48 2.35 2.35 2.48 247 2.94 2.52 243 243 2.64
DE (MJ/kg) 16.1 16.3 16.2 15.0 15.7 15.7 15.9 16.3 16.3 14.8
Lys:DE (kg/MJ)  0.60 0.58 0.57 0.70 0.60 0.70 0.60 0.58 0.57 0.58
Ca:P 1.62 1.72 1.76 141 0.87 1.03 251 2.18 2.16 0.95
Calculated composition (% DM)

Leucine 112 1.08 1.08 1.03 1.10 1.30 1.10 1.07 1.07 1.03
Lysine 0.96 0.94 0.93 0.97 0.90 1.09 0.95 0.94 0.94 0.86
Methionine 0.38 0.37 0.37 0.42 0.35 0.43 0.38 0.37 0.37 0.24
Met+Cys 0.60 0.59 0.59 0.64 0.56 0.67 0.60 0.57 0.57 0.53
Threonine 0.60 0.56 0.56 0.60 0.59 0.68 0.56 0.55 0.54 0.51
Tryptophan 0.17 0.16 0.16 0.17 0.16 0.19 0.16 0.16 0.16 0.17
NDF 13.1 10.1 9.7 10.0 115 12.6 11.9 8.8 8.8 21.7
ADF 5.0 37 35 3.79 5.34 5.44 53 3.0 3.0 8.1
Lignin 11 0.9 0.8 0.86 1.33 1.35 15 0.6 0.6 23
Starch 39.2 21.2 18.7 217 17.0 16.6 45.8 238 223 312
Total sugars 6.1 3.7 3.4 411 3.10 3.27 3.0 1.8 1.8 4.7

SP = sweet potato, CA = cassava roots, MR = milled roots, BR = boiled roots, ER = ensiled roots, STD = standard pig grower feed, 38, 40,

43, 45 and 50 refer to DM% of protein concentrate in the blended diets.

The reference STD diet contained higher levels of dietary fibre (NDF, ADF and lignin) and
DE was 1.5 MJ/kg DM lower. In Chapter 3 and 4 metabolic trials the STD pellets were roller-
milled to provide a similar consistency of feed as the blended SP and cassava root diets. In the
subsequent experiments (Chapters 5-8) the STD pellets were not milled. The test diets

followed this treatment design:
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b)

d)

Milled SP and cassava roots (SPMR43 and CAMR45) were high in DM matching the
control diet (STD) and raising the available carbohydrates as starch as well as dietary
fibre components.

Boiled SP and cassava roots (SPBR43 and CABRA45) provided soluble carbohydrates,
including dietary fibre, at lower DM.

Ensiled SP and cassava roots (SPER43, SPER38 and CAER45) provided fermented
carbohydrates with potentially increased solubility, at lower DM.

Ensiled SP vine inclusion at 25% and 30% of DMfeed (SPERV50 and SPER40) provided
an alternative source of dietary fibre and protein, potentially modifying the digestibility
of other nutrients.

Wheat-based commercial diet used as the standard reference (STD) in all experiments
consisted mainly of wheat (31.2%) and millrun (60.0%) and was produced as a pellet

feed.

2. Effect of the form of presentation as milled, boiled or ensiled roots in blended diets

A fundamental need for livestock feeding systems in tropical countries involves replacement,

substitution or complementary feeding of root-crops, legumes and other crop residues to

animals, in addition to commercial feeds or available protein concentrate supplements (e.g.

fish meal, copra meal, palm kernel meal). Processing (milling, boiling, ensiling) of raw feed

materials is necessary to improve the storage of bulky feed stuff like sweet potato and

cassava, improve their palatability, reduce anti-nutrient properties and allow better digestion

of the valuable nutrients. Assessing the effects of large DM quantity of carbohydrates, as

starch and dietary fibre from SP and cassava in blended diets, was critical for evaluating the

level of voluntary feed intake and benefit to nutrient utilization and growth in growing pigs.
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Nutrient digestibility in milled, boiled or ensiled roots in blended diets

The TTAD of dry matter in SP compared to cassava root-based diets as milled (88% vs 84%)
or boiled (92% vs 84%) or ensiled (91% vs 87%) forms were clearly higher than the wheat-
based STD (69-76%) when fed to CG pigs. The same was found in MG pigs where DM
digestibility was lower on STD (77-81%) or CAMRA45 (86%) compared to SPBR43 (88-90%)
and CABR45 (89-90%). Digestibility of OM was similarly higher for these root-based diets
fed to both genotype pigs thereby demonstrating the suitability of either boiling or ensiling or
milling methods for processing the starchy roots. More importantly for the SP and cassava
root-based diets the CP digestibility was similar to the wheat-based STD diet across all the
experiments. Boiled or ensiled root carbohydrates supported protein digestibility equally well
in growing pigs compared to root meals or the STD diet in either milled or pellet form but
there was otherwise little effect. Furthermore, there was less than 10% difference between the
CP digestibility in either CG or MG growing pigs, indicating that dietary protein of 15-16%
CP was well digested by both genotypes on any of the root-based diets or the wheat-based

STD.

In the current experiments there appeared to be little advantage to nutrient digestibility when
SP or cassava roots were blended with protein concentrate as a dry meal (SPMR43 and
CAMR45) compared to boiling (SPBR43 and CABR45) or ensiling the roots (SPER43 and
CAER45). The DM content of milled roots was over 80% but the physicochemical properties
of the root starches, apart from particle size and moisture content, were probably not modified
as much as when boiled or ensiled. SP roots contain more soluble fibre (Dhingra et al., 2012)
and the starch is slowly digested allowing energy to be absorbed over a longer period
(Odenigbo et al., 2012). Cassava roots are lower in soluble fibre than SP roots (Dhingra et al.,
2012) and the starch is highly digestible across the entire pig digestive tract (Ospina et al.,

1995). Boiling and ensiling increase the solubility of dietary fibre and starches (Teka et al.,
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2013; Giang et al., 2004; Barampama and Simard, 1995) which in dietary excess may be
expected to undergo microbial fermentation in the hindgut (Choct et al, 2010). Increased
microbial activity may explain the elevated crude fibre digestibility and disappearance of the
minerals (Metzler and Mosenthin, 2008) particularly in pigs fed the SP-based diets. The
TTAD of calcium and phosphorus appeared to be affected by feeding pigs with different root
sources, higher for SP and lower for cassava based-diets fed to CG pigs, but consistently high
in the MG pigs. The lower ash, fibre, calcium, phosphorus and energy digestibility on cassava
root-based diets may suggest that there was less active hindgut fermentation when CG pigs

were fed the diets, but this was not assessed directly.

In line with the improved DM and OM digestibility another characteristic of the root-based
diets was the enhanced energy digestibility. In both CG and MG growing pigs fed the root-
based diets energy digestibility was over 90%, but was consistently lower, at around 80%, for
the STD diet. This not only reflected the very high digestibility of starch in SP and cassava
roots, but supports the possibility of increased hindgut fermentation of dietary fibre and
undigested starch, which was provided in excess on the root-based diets. It is likely that
microbial fermentation of some fraction of the root carbohydrates in the pig gut provided
volatile fatty acids which added to the metabolic energy gain (Johansen et al., 1994; Degen et
al., 2009; Sauer et al., 1991) and this energy contribution requires further study. The N
balance in growing pigs also indicated an increased microbial growth when fed the root-based

diets, particularly for SP roots in boiled form, where starch and dietary fibre were solubilized.

Interestingly there were some characteristic differences in the fibre digestibility for the diets
when tested on the two pig genotypes. In CG growing pigs fed milled, boiled and ensiled SP
root-based diets (Chapter 3) TTAD of crude fibre were much higher than the similar cassava

root-based diets (Chapter 4). This probably indicated an increased utilization of dietary fibre
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in SP-blended diets without lowering energy digestibility, whereas cassava starch provided
much less digestible energy for growth in similar blended diets. In MG pigs fed the same SP
and cassava diets fibre digestibility was over 60% to 80% of DM and was superior to the STD
diet (Chapter 6). However, when growing pigs were placed under the mixed experimental
treatments including SPERV40 diet (Exp 3 and 5) the DM digestibility of SPER43 was higher
(83% vs. 75%) in CG pigs than MG pigs, but CF (28% vs. 57%) and CP (71% vs. 76%)
digestibility was reduced in the CG pigs. In Exp 3 CG pigs appeared to be less adaptable than
MG pigs (Exp 5) to a rapid change in the fibre component when fed mixed SP root and vine
silage (SPERV40). TTAD of fibre in MG pigs was also elevated when fed SPERV50 diet in a
mixed treatment structure. In addition, when fed the STD diet MG pigs exhibited higher fibre
digestibility than CG pigs (49-89% vs. 27-39%). That represents an improvement in fibre
digestibility of 50% based on the best performing MG pigs. This is the first indication that the
current hybrid pool of pigs may have an improved capacity for crude fibre digestion and
supports much earlier work with PNG village pigs revealing high nutrient digestibility when
fed fresh (unprocessed) SP roots (Rose and White, 1980). SP and other garden forages
provide the bulk source of fibrous feed to village crossbred pigs. It is likely that hindgut
fermentation of the fibrous feed has provided some nutritional benefits, potentially through
adaptations in the digestive tract, sustained gut health in the sow, and particularly for animals

breeding in small groups where healthy piglets may survive through the weaning stage.

N balance in milled, boiled or ensiled roots in blended diets

N retention (or digestibility) and utilization (%) in CG pigs was consistently better across all
diets, 50-78% and 59-89% respectively, compared to MG pigs, 34-63% and 39-72%
respectively. Primarily the better N balance in CG pigs reflects their higher lean growth
potential, with higher N requirements leading to greater ileal digestion and absorption. Then
again MG growing pigs demonstrated much lower N retention and utilization when fed

CAMR45, SPBR43, CABR45 and SPER43 than when fed the STD diet. The result suggests
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that the higher dietary fibre content in the wheat-based STD was an advantage to N retention
and utilization in MG pigs. The dynamics of N digestibility and faecal N loss versus N

absorption and urine N loss in MG pigs may require further investigation.

a. N retention in CG and MG growing pigs

In CG pigs fed SP root-based diets (Chapter 3) faeces N loss was clearly higher (14 g/d) than
in pig faeces from STD diet (7 g N/d). Since the root sources increased the starch and dietary
fibre available in the blended diets it was presumed that additional microbial N was included,
apart from sloughed cells or undigested proteins and from increased digestive juices. There
was no clear difference in faecal N loss between the SP and cassava root-sources, for
example, the faeces N losses for CG pigs fed cassava root-based diets (Chapter 4) were
numerically the same as the SP-based diets(12-15 g N/d). By comparison, faeces N losses in
MG pigs was statistically higher for the SPBR43 diet (10-11 g N/d) than for STD (6-7 g N/d),
CABR45 (7-8 g N/d) and CAMRA45 (5-6 g N/d) diets (Chapter 6). Moreover, when mixed SP
vine diets (Chapters 5 and 7) were fed to pigs, the SPER43 yielded much higher faecal N
losses when fed to MG pigs (24 g N/d) than CG pigs (14 g N/d) and was higher than when
pigs were fed the STD diet (14 vs, 12 g N/d). Different faecal N losses may indicate a
difference in digestive processes and gut microbial populations within the CG and MG
growing pigs. This suggests an interaction between the feeding form of the root-source and
the genotype of pig. Wheat, the other major feed component in these blended diets, contains
more insoluble dietary fibre which is also unaffected by microbial fermentation. Root-based
diets provided more soluble fibre and undigested starch. There was probably greater microbial
N input from gut bacteria in the MG pigs and this requires further study for taking advantage
of potential nutrition and health benefits of hind gut fermentation to locally farmed MG pigs

(Noblet et al., 2013; Lindberg, 2014).
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b. N utilization in CG and MG growing pigs

In CG pigs fed SP root-based diets the urine N losses (7 g N/d) were much lower than the
STD (12 g N/d) or the cassava root-based diets (16-17 g N/d), and lower for the SPER43 than
the SPBR43 (8 vs 18 g N/d). High N absorption may be expected in the CG pigs due to their
higher lean growth potential. Whereas, in MG pigs the urine N loss from all root-based diets
(13-30 g N/d) was consistently much higher than from the STD diet (6-17 g N/d). This was
also indicative of the lower growth potential of MG pigs, where there is lower N
requirement.Boiling roots increases the solubility of starch and dietary fibre. In both pig
genotypesa shift in N loss from urine to faeces in the root-based diets reflected increased
microbial activity (Tetens et al., 1995) and did not affect the N retained. N retained (g/d) by
CG pigs fed root-based diets was 25-26 g N/d and for STD was 28-30 g N/d. N retained by
MG pigs fed root-based diets was 20-30 g N/d and for STD was 30-34 g N/d). It is very likely
that driven by a high DM, OM and fibre digestibility, as well as fermentation in the hindgut
the MG pigs improved their N utilization to achieve competitive growth rates on the root-
based diets compared to the CG pigs and with the wheat-based STD diet. It was concluded
that the amino acid or protein component of the root-based diets may be further reduced to

provide for the lower nutrient requirement of MG growing pigs.

Growth performances in CG and MG pigs fed root-based diets

The use of milled root diets have been well studied and in this work served as a secondary
standard reference to the STD pellet diet for determining the value of ensiled feeds compared
to boiled feeds for MG growing pigs. In growing pigs fed milled root blended diets (SPMR43
and CAMR45) the DM intakes were at a similar level to the wheat-based STD (1,962-2,163
vs. 1,910-2,222 g/d) and this was not unexpected given their similar DM content. However,
the CG pigs demonstrated clearly superior growth rates when fed on SPMR43 (1,158 g/d) and

CAMRA45 (1,138 g/d) compared to MG pigs fed CAMR45 (639-795 g/d). The FCR for CG
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pigs fed SPMR43 (1.84) and CAMR45 (1.81) were also more efficient than for MG pigs fed
CAMR45 (2.63-3.08). Factors such as particle size and dryness of the feed may also have
affected MG pigs more than CG pigs, and may be worth further considediet in practical pig

feeding trials.

a. Growing pig performance on boiled root diets

The DM intake in growing pigs fed boiled root-based diets was much higher compared to
milled or ensiled root-based diets or the wheat-based STD diet. Despite the large intake of
digestible DM nutrients and energy the FCR was poorer for pigs fed on CABR45 (3.12-3.47)
than SPBR43 (1.99-3.38). Nevertheless boiled root-based diets yielded higher ADG for CG
pigs (919-1,255 g/d) than MG pigs (709-984 g/d). High DMI on boiled root-based diets was
also observed for pigs fed similar diets in metabolic trial (Dom and Ayalew, 2009) and in
grow-out trials of similar SP based diets (Dom et al., 2010). The current experiments were
conducted under similar warm-humid conditions and opedietal set-up as Dom and Ayalew
(2009). Voluntary feed intake in pigs is depressed at higher temperatures (Kyriazakis et al.,
1995) but this was clearly not the case in this work. Therefore, it is surmised that the
increased DM intake by growing pigs fed boiled root diets was required to overcome the
lower energy value of the bulky (40% moisture) boiled roots (Wenk, 2001; Bindelle et al.,
2008). In MG growing pigs the higher DM intake for boiled root-based diets may have been
required for maintenance needs (e.g. replacement of digestive juices, enzymes and sloughed
cells in the gut) rather than growth since ADG did not improve significantly against the STD

or ensiled root-based diets.

b. Growing pig performance on ensiled root diets

Despite the higher moisture content of the ensiled root-based diets the DM intake was at
about the same level for CG pigs fed CAER45 (2,194 vs. 2,030 g/d) as well as between CG

and MG pigs fed SPER43 (1,971 vs. 2,290 g/d) compared to STD diet offered across all the
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experiments (1,910-2,222 g/d). At this DM intake level the FCR for ensiled root-based diets,
CAER45 (2.59) and SPER43 (1.67 vs. 2.54) for CG or MG pigs was also on par with STD
(1.84 vs. 2.20). However, there were two instances where the growth performance on SPER43
(Chapter 7) and STD (Chapter 6) were much reduced and this was related to the changeover
of experimental diets of higher and lower DM and crude fibre contents. Nevertheless, the
ensiled blended diets provided competitive growth rates to the STD diet fed to CG and MG
pigs at similar feed intake. Furthermore, the improved FCR indicated that ensiled feeds may
provide a more efficient use of the bulky root feeds in addition to the long term storability of
the fermented feed. Storing and efficient feeding value of ensiled feeds have practical and
economic implications at smallholder level, particularly for the MG growing pigs (Hang et al.,
1998; Peters et al., 2001; Dom et al., 2010, 2011). Better growth performance may be
expected for the higher pedigree CG (Landrace x Large White x Duroc) pigs than local MG
pigs. The FCR were more efficient for milled and ensiled root-based diets, although based on
a very high DMI for boiled root-based diets growing pigs also had growth rates similar to
when fed the wheat-based STD diet. The performance results provide an indication of the
differences in the energy partitioning between growth and maintenance in CG or MG pigs
which may have implications for practical farm conditions where the environment is less

controlled than in these metabolic experiments.

The DM, OM, CF, CP and energy digestibility of the different forms of blended diets were in
agreement with results of SP and cassava root-based diets fed to crossbred pigs in studies by
several other authors where the DM proportion of roots were either lower or similar (Tomita
et al., 1985; Ospina et al., 1995; Phuc et al., 2001; Giang et al., 2004; Dom and Ayalew,
2009). The N balance from root-based diets were comparable to grain based diets fed to
purebred pigs of higher pedigree. Moreover, the superior growth rates provided by these diets,

albeit while isolated in metabolic crates, indicated a better outcome from nutrient utilization
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and potentially an improvement in the local MG pigs compared to evidence in the literature
(Malynicz, 1972; Rose and White, 1980; Dom and Ayalew, 2009; Dom et al., 2010,
2011).The use of ensiled SP forage diets may be an advantage for nutrition and gut health to
breeding, growing and finishing pigs, particularly for smallholder extensive and intensive pig
farming in PNG and elsewhere in PIC. Further grow-out pig trial application of the root and

forage-based diets is recommended.

3. Effect of increased dietary fibre by SP vine inclusion in ensiled feed offered to

growing pigs

SP vines constitute a major portion of feed offered to pigs daily in many smallholder
piggeries in the PIC. The feeding value of SP vine was studied in CG pigs (Chapter 5) and
MG pigs (Chapter 7) as a source of additional protein and dietary fibre in blended diets.In
particular, the effects of a mixture of fermented SP roots and vines were of interest in
livestock research and development for smallholder farmers in tropical countries, with
potential benefits through maximum utilization of available crop, longer term storage and the
impact on feed efficiency and growth in young pigs. In these experiments fresh SP vines with
foliage intact, were chopped and ensiled in 1:1 DM weight mixture with SP roots, to provide
30% and 25% DM respectively in SPERV40 and SPERV50 diets. This level of SP vine
inclusion was above the recommended 10%DM (Dominguez, 1990) or similarly mixed SP
silage diets (Giang et al., 2004; Dom and Ayalew, 2009). SPERV40 was tested in CG and

MG pigs (Chapter 5 and 7), but SPERV50 was tested only in MG pigs (Chapter 7).

Effect of SP vines included at 30% DM to CG and MG growing pigs

DM intake in CG growing pigs fed SPERV40 was reduced by 30% compared to either the
blended diet of SP roots without vines (SPER43) or to the STD diet. However, contrary to
expectations when fed to MG pigs the bulkiness of SPERV40 did not reduce voluntary feed

intake (Wenk, 2001; Bindelle et al., 2008). In fact, voluntary feed intake in CG pigs was 48%
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lower thanin MG pigs. Nevertheless the better FCR in CG pigs (2.68) than MG pigs (4.09)
suggested more efficiency in the use of digestible nutrients for growth. The very high energy
digestibility (95%) in MG pigs fed SPERV40 provided marginally better growth rates than
CG pigs (684 vs. 555 g/d) where energy digestibility wasmuch lower (82%). In contrast, FCR
in CG and MG pigs were similar for STD diet (2.44 vs 1.90-2.59), as was energy digestibility
(81% vs. 85%). In fact, the TTAD of OM, CP and CF were higher in MG pigs than in CG
pigs fed SPERV4O0 diet. It is very likely that hindgut fermentation of dietary fibre provided
digestible energy but was a less efficient metabolic pathway in growing pigs. Although at
30%DM the SP vine carbohydrates and protein contributed to the nutrient and energy value of
the blended diet the increased fibre digestibility in MG pigs apparently reduced metabolic
energy utilization for growth and probably diverted this to maintenance requirements,

particularly the replenishment of digestive juices atmuch the higher DMI (Degen et al., 2009).

Additionally, N retention and utilization (%) were reduced in CG pigs fed SPERV40
compared to MG pigs. This was because in CG pigs the N intake was much lower on the
bulky feed, and also inferred less utilization of any additional protein N supplied by the SP
vines, apart from the protein concentrate. Consequently the N retained by CG pigs was only 9
g N/d compared to 27 g N/d of MG pigs when fed SPERV40. By comparison, CG and MG
pigs retained as much as 28-31 g N/d when fed the wheat-based STD diet where surprisingly
the MG pig growth was much improved against CG pigs (1067 vs. 817 g/d). The improved
MG pig growth rate was most likely a result of diet 8 d changeover effects between different
experiments with different genotypes fed blended SP vine diets, in which the CG pigs
(Chapter 5) did not recover as well as the MG pigs (Chapter 7). Lower feed intake and
nutrient utilization in CG pigs fed SP vines at 30%DM resulted in lower growth rates. Higher
nutrient utilization, particularly of crude fibre, in MG pigs fed SP vines at 30%DM resulted in

marginally better growth rates at the expense of energy utilization. It may be surmised that
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MG pigs perform better than CG pigs when fed high fibre diets more consistently over a
longer period. The results also suggest that MG pigs have gained physiological or
microbiological adaptation which enhances the digestion of SP vines. Nevertheless, while N
retention (%) was better in MG pigs the higher N retained (g/d) did not contribute to increased
growth. Digestible energy and protein provided to growing pigs in SPERV40 was utilized
more for maintenance functions, although additional energy was gained from hindgut
fermentation. Blended diets containing SP vines providing 30%DM may not be recommended
for growing pigs, but may be perfectly suitable for adult MG pigs and for sows. It is likely
that when this level of SP vines is provided to MG growing pigs at 25-30 kg BW the feeding
regime should be consistent to maintain the impact of beneficial adaptations. Adaptations in
the digestive tract of PNG’s MG pigs are yet to be investigated, particularly since these pigs
have been survived in the wild on tropical forages (Hide, 2001) and the crossbred progeny are
known to thrive on the same feedstuff with minimal nutritional inputs (e.g. Spencer et al.,

2006; Dom and Ayalew, 2009; Dom et al., 2010, 2011).

Effect of SP vine inclusion at 25% or 30% DMto MG growing pigs

The experiments in Chapter 7 provided an opportunity for more consistent feeding of SP vine
diets at two levels. SP vine inclusion at 30% (SPERV40) and 25% DM (SPERV50) was
tested in MG growing pigs at 23 kg and 27 kg BW for a period of 32 days. At 5% more Pig
Conc.1 SPERV50 (18.4%CP) provided more crude protein than SPERV40 (15.5% CP) and
the amino acid content was also slightly higher (Table 1). The DMI in either 23 or 27 kg BW
pigs was not reduced by the bulkiness of these diets, and in fact was higher than when MG
pigs were fed STD diet. The DM nutrient digestibility of SPERV40 and SPERV50 were at
very similar levels and resulted in very high energy digestibility (95-97%) compared to the
STD diet (85%). The FCR for SPERV40 and SPERV50 diet were still higher than STD diet;
however, nutrient utilization was improved. Importantly, the OM (83-86%) and CP (82-84)

digestibility were equally high for MG pigs fed SPERV40 or SPERV50. Moreover, the fibre
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digestibility increased up to 80% in MG pigs. These digestibility results were superior to SP
based diets fed to other indigenous crossbred pigs (Giang et al., 2004;Regnier et al., 2013). In
fact, in MG pigs fibre digestibility was over 70% higher than for CG pigs fed SPERV40 and
over 65% higher than when fed the wheat-based STD diet. This finding was in agreement
with reports of several authors that indigenous crossbred pigs demonstrated a greater digestive
capacity for high fibre diets than exotic crossbred pigs (Kanengoni et al., 2002; Len et al.,
2007; Ngoc et al., 2013). As a result of the improved nutrient and energy utilization and the
growth rates of MG pigs were increased, with 27 kg BW pigs (944 g/d) performing better
than 23 kg BW pigs (718 g/d). The growth rate in MG pigs fed SPERV50 was improved by 5-
28% over SPERV40 diet, but was still 12-33% lower than when fed STD diet. The main
difference in these diets was the carbohydrate and dietary fibre composition, which was
higher in wheat-based STD than in the root-based test diets (Table 1). The improved MG pig
performance was probably the result of solubilized dietary fibre in the fermented SP silage
(increased energy digestibility), consistent feeding and maintenance of microbial environment
and an improved nutrient absorption (e.g. higher N utilization). Fermented liquid feeds
provide beneficial changes to the pig gut microflora by encouraging the growth of lactic acid
bacteria and reducing gut pH, and result in improved performances (Canibe and Jensen, 2003;
Missotten et al., 2015). There may be a similar benefit to feeding the fermented SP and
cassava silages to growing pigs, encompassing nutrient utilisation, growth performance and
gut health. Age and breed effects on the utilisation of dietary fibre have been identified
(Lindberg, 2014). In farming environments where crossbred pigs have been managed
extensively, fed a variety of tropical forages, particularly SP and cassava, and survive without
the benefit of veterinary interventions, it seems likely that gut microflora may play a

significant role in maintaining health and performance of growing pigs.
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A key influence on the similar MG pig growth rates for the very different diets (SPERV40,
SPERV50 and STD) was that N utilization (%) was improved despite the lower N retention
(%) for SP-based diets. This resulted in N retained of about 30 g/d for both SP-based diets and
the wheat-based STD, which is comparable to grain based diets fed at increased dietary fibre
content. Two factors influencing N utilization could be the partitioning of protein N into
maintenance requirements and increased microbial fermentation. Crossbred pigs from
indigenous varieties (e.g. Zimbabwean Mukota or Chinese Mong Cai x Large White) tended
to have a lower N retention (Kanengoni et al., 2002; Giang et al., 2004) but not CG pigs fed
similar SP-based diets (Dom and Ayalew, 2009). However, in this work the MG pigs fed the
SP vine blended diets had an improved N utilization above CG pigs fed the same diets. In
fact, very high urine N losses for MG pigs fed SP-based diets indicated that the N requirement
had been exceeded. The high level of N utilization in MG pigs was maintained with 25% and
30%DM as SP vines, and was regardless of a 3% difference between protein content in
SPERV40 and SPERV50 diets and the higher amino acid content of the latter diet. It was
surmised that improved N utilization must also have been due to increased replacement of
endogenous N loss. At increased VFI of dietary fibre more digestive juices were produced
and thereby affected nutrient utilization. On the other hand, higher N losses in the faeces of
MG pigs fed SPERV40 and SPERV50 diet (Tetens et al., 1991), and lowered calcium and
phosphorus utilization also suggested that increased microbial fermentation in the MG pigs
was an advantage over the CG pigs. Microbial fermentation and calcium and phosphorus
digestibility would also be influenced by the excess availability of different carbohydrates and
dietary fibre from SP and wheat sources in the diets (Metzler and Mosenthin, 2008).
Fermentation provided additional metabolic energy gain to MG pigs but this was less efficient
for growth and probably utilized for maintenance needs in the MG pigs. Nevertheless,
nutrient and energy utilization where SP vines composed 25% DM provided improved

performance in growing pigs and demonstrated the suitability of this type of blended diet.
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4. Growth performances of MG pigs in typical commercial production environments

The blended diet of ensiled SP roots with Pig Conc.1 (SPER43) and Uni. Conc. (SPER38)
were further used in two growth trials (Chapter 8) with MG pigs bred at a research station
(lowlands environment) and at a local smallholder piggery (highlands environment). The
wheat-based standard diet (FPG) was maintained as the reference diet and an additional grain
based pellet feed (TPG) was included in the station trial. The feeding was restricted to 1.0 kg
DM/d and 1.5 kg DM/d for pigs fed blended SP root diets or grain based feed respectively for

the station based trial (4 pigs/pen), and 1.5 kg DM/d for both diets in the farm based trial (8

pigs/pen).

Station-based trial

Despite the higher DMI for station bred MG pigs fed FPG and TPG diets the FCR were poor
(3.84 and 3.04) and the ADG (435 and 526 g/d) comparable to either SPER43 (417 g/d) or
SPER38 diets (588 g/d). A slightly higher lysine content balanced by digestible energy in the
larger proportion of ensiled SP roots (62% DM) in SPER38 was the best feed option for MG
pigs under restricted offer. Moreover, much better FCR on SPER38 (2.13) than SPER43
(2.95) suggest that this diet may well reduce costs of feeding growing pigs provided that SP
roots are available for processing, ensiling and storing. In the warm environment (~30°C)
where pigs were maintained cooling was achieved by regularly wetting the concrete floors.
Two lysine levels in SPER38 and TPG were higher than in SPER43 and FPG and resulted in

better growth perfromances in MG pigs under restricted feeding.

Farm based trial

Restricted feed intake was 1.5 kg DM/d for FPG and SPER43 diets. The ADG and FCR of
farm bred MG pigs fed FPG (531 g/d; 2.98) were better than those of pigs fed SPER43 diet
(462 g/d; 3.35). The growth performances were comparable to MG pigs in the station-based
trial. Growth performance was not directly related to DMI and DE level. Neither were the
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growth performance influenced by the form of feed as blended meal or pellets. However, the
improved growth performance of MG pigs fed the FPG diet indicated that in cooler
environmental conditions (~25°C) the additional dietary fibre in the wheat-based diet may
have been beneficial for maintaining body temperature where the pigs were partially exposed
to cooler ambient temperatures (18°C). In the highlands environment it may be possible to
improve the growth performance of growing pigs by including SP vine in the silage mixture
to increased dietary fibre since the MG pigs have displayed a better nutrient and energy

utilization of this mixed feed (SPERV40 and SPERV50).

Comparison of MG pig growth trials

Under the restricted feeding regime the growth performance of MG pigs in these two trials
werelower than for similar genotype pigs when fed to satisfaction where the growth rate was
743.4 g/d and FCR 2.51 (Dom et al., 2011).Comparing againstFPG, also the reference diet
(STD),the MG pig growth rate was reduced by up to 28-42% under the restricted feeding in
this work and this was based on a 24% reduction in DM feed intake. MG pig performance
was also better when fed to satisfaction on a blended diet of STD with mixed SP root and vine
silage providing 50% DM. For example, in a small-scale station trial MG pig growth rate was
634.1 g/d and FCR was 2.84 for the mixed SP diet (Dom et al., 2011). However, even when
fed to satisfaction MG pigs kept in cooler environments did not perform as well when fed
either FPG (585.7+144.5 g/d, FCR 3.16) or the same mixed SP root and vine silage

(400.0£251.7 kg/d, FCR 3.23) (Dom et al., 2010).

Given the high nutrient and energy digestibility in MG pigs for SPER43, SPER38 test diets
compared toFPG it was expected that the growth performance would be more susceptible to
environmental temperatures under the restricted feeding regime. Thermal fluctuations may

affect VFI and growth performance, particularly where starch would be more readily digested
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to cater to pig thermal requirements (Quiniou et al., 2000) and where warmer environments
reduce VFI. In the farm trial it appeared that despite its lower DE content the additional fibre
in the FPG diet was a benefit to growth over and above maintenance requirements at cooler
temperatures. The effects of environmental temperature on growth performance should be
investigated for blended root-based diets with a higher nutrient density and the inclusion of
SP vines as a source of fermentable carbohydrates and protein N. There may be a benefit to
feeding the mixed SP vine silage at cooler temperatures, where additional energy for thermal
maintenance may be obtained by hindgut fermentation in the pig. Moreover, it was found that
regardless of the DMI and DE available in restricted offer of SP-based diets the growth rate in
MG pigs was increased by higher lysine content. There may be strategic advantages to
smallholder farming for using SP-based diets to provide growing MG pigs with low feed offer
containing appropriate lysine and other amino acid supplementation which supports growth

performance when feed is restricted and increases pig performance when fed to satisfaction.

Conclusions

e SP and cassava roots in milled, boiled or ensiled form in blended diets provided
similar DM nutrient TTAD to CG and MG growing pigs but much higher energy
digestibility than a wheat-based reference diet.

e Fibre TTAD in MG pigs was superior for blended diets with SP vine inclusion
indicating much better digestive capacity for the different soluble dietary fibres.

e N retained (g/d) by MG pigs matched CG pigs, but growth and feed efficiency were
numerically lower.

o Ensiled SP based diets provided sufficient nutrient utilization and growth to pigs,
demonstrating an additional feeding value to storing the fermented forage.

e Improvements in N utilization by MG pigs fed mixed SP root and vine silage were
related to increased OM, fibre and energy digestibility, and supported increased

growth rates, although feed conversion was less efficient.
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e Increased amino acids in blended SP root-based diets improved growth performance
but in MG pigs the N utilization was enhanced at greater SP root content.
e Under restricted feeding blended SP root diets provide competitive growth

performance to the commercial pellet feeds.

Implications

Sweet potatoroot with or without vines and cassava roots in blended diets relied on 38% to
50% wheat-based protein concentrate to provide feeding value suitable to both commercial
(CG) and local mixed genotype (MG) growing pigs. This is the first indication that the current
hybrid pool of pigs may have an improved capacity for crude fibre digestion. Moreover, there
is good indication that in MG pigs improved digestibility of dietary fibre advantages N
utilization, energy retention and growth performance. Primarily the better N balance in CG
pigs reflects their higher lean growth potential, with higher N requirements leading to greater
ileal digestion and absorption. MG growing pigs may not require the higher levels of protein
as CG pigs. This means that nutrition gained from root crop feeds may be further adjusted to
MG pig requirements. Root-based diets provided more soluble fibre and undigested starch.
There was probably greater microbial N input from gut bacteria in the MG pigs and this
requires further study for taking advantage of potential nutrition and health benefits of hind
gut fermentation to locally farmed MG pigs. In the highlands environment it may be possible
to improve the growth performance of growing pigs by including SP vine in the silage
mixture to increase dietary fibre since the MG pigs have displayed a better nutrient and
energy utilization of this mixed feed. Similar blend feeding may be recommended for
smallholder pig production in the Pacific Island Countries where wheat-based concentrate
diets are used. Furthermore, utilizing locally grown root crops as ensiled (fermented) feed
produced on-farm may contribute to reducing the costs of feeding growing pigs, whereas
sourcing protein concentrate feeds in bulk may ease the transportation and storage needs of
smallholder farming in tropical environments.
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Further research

e Investigate the comparative digestion of dietary fibre in commercial crossbred and
mixed genotype pigs in PNG.

e Determine the responses to and requirement for amino acids of commercial crossbred
and mixed genotype pigs fed root-based diets.

e Study into the calcium and phosphorus balance in growing pigs fed ensiled feeds.

e Microflora differences in hind gut fermentation in CG and MG pigs
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