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Abstract

Developing short food supply chains for products from local pig (Sus scrofa domesticus) breeds may ofter chances for
smallholdersin rural areas to participate in niche markets and obtain additional income. Because the authenticity and
distinctness of products are crucial for establishing marketing, this study compared selected product characteristics of
pork from the Vietnamese Ban breed with pork from crossbreds, each derived at their typical market weight and from
their respective extensive and semi-extensive production environment; thus resembling the combination, the products
are available for customers. Traditional Ban pork could be effectively discriminated from crossbred pork through cut
dimensions, exemplified by the significantly reduced loin eye area (P < 0.001), and by the significantly reduced backfat
thickness (P < 0.001). Also, marbling fat was significantly decreased in local pork (P < 0.001), whereas differencesin
further meat quality parameters were rather weakly expressed. The significantly higher share of polyunsaturated fatty
acidsin loins of traditionally produced Ban pigs (P = 0.003) could possibly result in a preferred nutritional value, but
lower oxidative stability of the products. This study provides novel information to improve the marketing of specialty
pork in Vietnam and comparable situations in the Southeast Asian Massif.

Keywords: fatty acid composition, meat quality, niche pork market, pig genetic resources, rural development,
smallholder pig production

1 Introduction crop production yielded some successes with respect to
the economic development of marginalised smallhold-
ers. But, focusing on one main crop species may in-
crease production risks and vulnerability dueto climatic
conditions, pests and the fall of market prices (Sturgeon
et al., 2013). Therefore, risk mitigation by diversifica-
tion into a multiplicity of activities and income sources
including handicraft, trading, services and animal pro-
duction can represent essential livelihood strategies for
therural population of this area (World Bank, 2012).

In the SEAM, pig keeping is awidespread activity of

* Corresponding author rural households. For instance, in Vietnam pigs are kept
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Phone: +49-711-45923170; Fax: +49-711-459290 ous regions (Roland-Holst et al., 2010). Thus, pork pro-

The Southeast Asian Massif (SEAM) covers an area
of 2,500,000 km? (north-eastern India, Southeast Asia
and four Chinese provinces) and there are estimated to
live approximately 100 million minority people (Scott,
2009). These societies are culturally and linguistically
highly diverse, but they share a state of marginality and
forms of subordination to the powerful lowland states
(Michaud, 2010). Promoting market-oriented agricul-
ture by cultivating a cash crop and/or intensifying staple
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duction could represent achance for smallholdersto par-
ticipate in growing markets for animal-based products
and diversify their incomes. However, the prospects for
smallholders to commercialise pig production, specific-
ally those located in the less accessible uplands remain
limited because they are disadvantaged by an array of
market-related barriers, preventing them from entering
the commodity market. Therefore, smallholder pig hus-
bandry in the SEAM is often still subsistence-oriented
and based on extensively managed local breeds thriv-
ing on low-cost feeding (e.g., Riedel et al., 2012). In
the northern mountainous regions of Vietnam, the Ban
breed (different names exist) is one of the most widely
spread local breeds. Ban pigs are mainly black-coated
with small erect ears, and have alow productive and re-
productive potential, but are robust and adapted to harsh
environments. Similar phenotypic characteristics have
been reported for local pig populationsin the uplands of
south-western China (Riedel et al., 2012), Laos (Pheng-
savanh et al., 2010), and northern Thailand (Nakai,
2008). In contrast, where favourable market conditions
prevail, the application of high-yielding exotic breeds
in crossbreeding schemes could help to better match in-
creasing consumer demand for lean pork. In fact, cross-
breeding schemes have been adopted by smallholdersin
the lowlands and those close to provincial centres (e.g.,
Lucet al., 2014).

Besides the demand for ‘regular’ lean meat, specific
groups of urban consumers more recently expressed
preferences for pork from local pigs reared without
industrial feed (Lapar et al., 2010). On specia occa-
sions, such asthe Lunar New Year celebrations, the de-
mand for local pork is at its highest, implying a cul-
tural background for these preferences. Particularly pigs
slaughtered at a body weight of less than 20kg fetch
high prices on the markets of southwest China (Neo &
Chen, 2009) and northern Vietnam (Leet al., 2016). The
niche marketing of value added animal-based products
has been identified as a development option for small-
scalefarmers, but for the smallholders of the SEAM cre-
ating marketing options for specialty pork represents a
challenge. Information on the uniquetraits of traditional
pork products and its markets is lacking, preventing ef-
fective value chain coordination and marketing. First re-
ports demonstrate that target markets could be represen-
ted by specialty restaurants or ‘green’ food shopsin the
densely populated lowlands (Le et al., 2016). However,
consumers may not be willing to pay a premium price
for pork products from local breeds unlessthey can rely
on the authenticity of the product and its distinctness
from commodity production (FAO, 2013).

The objective of this study was, therefore, to compare
selected product characteristics and physico-chemical
meat quality traits of traditionally produced pork de-
rived from purebred Vietnamese Ban pigs with pork
from crossbred pigs. Duetoits storahility, lean meat was
considered more important for evaluation than edible
body parts, internal organsand blood, which are also ap-
propriate for consumption. The study aimed at provid-
ing information to improve marketing of specialty pork
in northern Vietham and comparable situations in the
SEAM. Therefore, it was decided that the context of this
study should reflect the product categories as available
for consumers, that is, both genetic groups were raised
by smallholder farmers on a management level adap-
ted to the respective genetic resource (extensive for Ban
and semi-extensive for crossbreds). Thus, production
environments and marketing weights differed largely
between genetic groups, however the age at slaughter,
slaughter locations and procedures were standardised.

2 Materialsand methods

Transport and slaughtering of live pigs (Sus scrofa do-
mesticus) complied with all legal requirementsimposed
by the Socialist Republic of Vietnam. The trials were
conducted under the supervision of the Veterinary De-
partment of Son La province, Vietham.

2.1 Sudysite

The study was carried out from December 2013 until
February 2014 in the city of Son Laand its surrounding
districts. Son Laisthe capital of the same-named moun-
tainous province in north-western Vietnam, located on
the eastern flank of the SEAM. More than 70% of the
population of Son La province is represented by ethnic
minorities, predominantly speaking Tai-Kadai or Miao-
Yao languages (World Bank, 2009).

2.2 Animal selection

In total, 33 purebred Ban pigs and 12 crossbred pigs
from Piétrain x Duroc sires (PiDu) were purchased from
smallholder farms. The semi-extensively produced com-
mercial crossbreds served as reference. A power analy-
sis (level of significance set to 5% and statistical power
set to 80%) for the most important meat quality traits
indicated that numbers of approximately 10 heads per
group were required. In that respect, trait variances for
the calculation of effect sizes could be derived from lit-
erature, but mean differences were rather roughly esti-
mated, because information on the meat quality of light-
weight local pigsis lacking. Given a study on the effect
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of liveweight at slaughter on the carcass quality of Ban
pigs was carried out in paralel (Muth et al., 2017), it
was possible to expand the number of Ban pigs and so
to reduce the amount of random sampling error. Thisim-
proved the generation of benchmark data for local pork
products in view of the high variability in husbandry
conditions.

Farms were selected purposively based on the avail-
ability of suitable fatteners. All animals were castrated
male pigs at an age of 6 to 7 months, each originating
from adifferent litter, dam and farm (45 farmsin total).
For most of the PiDu-sired crossbreds, the dam line was
represented by a local breed (e.g., Mong Cai), with a
varying degree of genetic admixture with exotic breeds,
which could, however, not be determined.

Information obtained from semi-structured question-
naires showed that compared to producers of crossbred
pigs, the distance to the in- and output markets of Son

La was longer for producers of traditional Ban pork
(Table 1). Ban keepers also applied less diversified di-
ets and used more fibrous feed components. All farm-
ers cooked the diet before feeding. For diet preparation,
farmers used on average 4.4 kg fresh matter pig = day—*
for Ban fatteners and 5.1kg fresh matter pig=* day*
for PiDu-sired crossbreds. Husbandry conditions were
more diverse for purebred Ban pigs, which were fre-
quently semi-scavenging (i.e. confined only at night) or
kept in spacious enclosures.

The confounding of genetic with environmental
factors with respect to housing and feeding were ac-
cepted precisely because of their possible contribution
to the final product configuration under real production
conditions enabling a comparison of the raw products
representative for the market. At dlaughter, purebred
Ban pigs were, on average, 6.4 months old (range:
6.1 to 6.9 months) and weighed 14.8kg (range: 6.5 to

Table 1: Characterisation of production systems in relation to the genetic background (purebred Ban pigs
vs. crossbreds from Piétrain x Duroc (PiDu) sires) of products.

Trait

Purebred Ban pigs
N=33

PiDu-sired crossbreds
N=12

Farm distance to regional market (km)
Number of fatteners kept (N)

28.7 + 14.3 (R: 4-45)
47 +30 (R 1-12)

8.3 + 6.5 (R: 0-25)
8.0 + 45 (R: 4-17)

Number of diet ingredients used (N) 29+ 08 (R: 24) 41+ 10(R:3-6)
Housing type (%)
Penned 515 100.0
Enclosed 15.2 0.0
Semi-scavenging 332 0.0
Farmers using a feed item (%)
Banana pseudostem 90.9 4.7
Rice bran 81.8 58.6
Vegetables (leaves) 394 58.3
Maize 30.3 100.0
Brewer'sgrain 3.0 50.0
Food wastes 6.1 333
Fresh matter diet composition (gkg™)
Banana pseudostem 669 103
Rice bran 117 60
Vegetables (leaves) 89 206
Maize 43 170
Brewer'sgrain 25 265
Food wastes 24 151

Mean + standard deviation and range (R) for farm distance to the regional market, number of fatteners kept,
number of diet ingredients, percentage for housing type, farmers using a feed item and mean for diet
composition (raw materials as added before cooking).
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26.5kg), whereas PiDu-sired fattenerswere, on average,
6.3 months old (range: 6.0 to 6.8 months) and weighed
58.4 kg (range: 41.0 to 81.5kg). At this age, products
derived from Ban pigs qualify for premium pricing,
whereas exotic hogs and their crossbreds are commonly
slaughtered at an even higher age and body weight (80
to 100kg, informal observation).

2.3 Saughter and sampling

Three abattoirs representing typical small-scale
butchers (capacity of one to two pigs per day, slaughter-
ers are aso engaged in retail) applying common
slaughter practice, i.e. bleeding without prior stunning,
were selected. A maximum of four pigs per day was
slaughtered on 13 slaughtering days in total (mixed ge-
netic groups on 10 days). Pigs were collected the day
before slaughter and fasted for at least 12h prior to
slaughter. After bleeding, pigs were scalded by pouring
hot water over the body and dehaired manually. Sub-
sequent to evisceration, head, feet and leaf fat was re-
moved and then the carcass weight was recorded. The
carcass was split along the backbone and backfat thick-
ness was measured at the level of the last rib and above
the m. gluteus medius. The loin eye area was recorded
on the cross-section of the loin between the 13th and
14th thoracic vertebras. Afterwards, the carcass half was
dissected and the lean yield expressed relative to the
weight of the dressed carcass half. Samples of the loin
(m. longissimus thoracis et lumborum, LTL) and ham
(m. semimembranosus, SM) were excised and dissected,
and partly stored refrigerated at 4 °C for meat quality an-
alysis, or frozen at —18°C for biochemical analysis.

2.4 Meat quality measurement

The pH value of fresh meat sampleswas measured us-
ing ahand-held pH meter (pH-STAR, Matthaeus GmbH
& Co. KG, Nobitz, Germany), equipped with a glass
electrode at 45min and at 24h (pH24) post-mortem.
Prior to each use, the pH meter was calibrated using buf-
fer solutionsat pH 4.6 and 7.0. The electrode was inser-
tedto adepthof 2cminto LTL and SM. Three measure-
ments were averaged for analysis.

The Japanese Color Score (JCS) was determined at
24h post-mortem on the cross-section of the LTL and
SM, using a scale ranging from 1 (extremely pal€) to 6
(extremely dark red). Meat colour (CIE L*, lightness;
a*, redness; b*, yellowness) was determined by a CR-
400 colorimeter (Konica Minolta Inc., Tokyo, Japan),
with a 2° observer angle and illuminant C setting. The
colorimeter was calibrated using a white ceramic tile
(Y=287.1, x=0.3164, y=0.3237). The average of eight

measurements for each sample was used for the analy-
Sis.

For the assessment of drip loss after storage, samples
of LTL and SM, were weighed and placed in a drainer.
The box was tightly sealed with plastic wrap and stored
refrigerated at 4°C until 72h post-mortem. Then, the
weight loss of each sample was recorded and expressed
relative to the initial sample weight. Cooking loss of
LTL and SM, was determined at 24 h post-mortem by
placing samples in polythene bags and cooking them in
boiling water to an internal temperature of 85°C, con-
trolled by an insertion thermometer. Cooking loss was
defined as the weight difference after cooking relative
to the sample weight before cooking. Additionally, the
water holding capacity of the meat was assessed by the
filter paper press method. At 24h post-mortem, small
meat samples (~0.3g) were placed onto filter paper and
pressed between two plexiglas blocks for 5min. Values
are given astheratio of the area of pressed meat over the
area of migrated moisture, with higher valuesindicating
an increased water holding capacity. The procedure was
repeated three timesfor LTL and SM.

2.5 Biochemical analysis

The determination of water soluble myoglobin was
carried out according to Faustman & Phillips (2001)
with modifications. Samples (5+ 0.02g) were minced,
mixed with 20mL of distilled water, homogenised and
centrifuged. The resulting supernatant was filtered by
vacuum filtration through a Whatman™ microfiber fil-
ter grade GF/C (GE Healthcare, Little Chalfont, UK),
then centrifuged at 22,000 g for 25min. The absorb-
ance was read at 525 and 730 nm, and the concentration
of myoglobinin mg per g wet tissue was calcul ated fol-
lowing van Laack et al. (1996), but without accounting
for filtration losses.

Theintramuscular collagen level was measured in du-
plicate on LTL samples according to the AOAC offi-
cia method 990.26 (AOAC, 1999) for the determination
of hydroxyproline with slight modifications. In brief,
minced samples (4 + 0.02g) were hydrolysed and dried
at 105°C for 16 h. The hydrolysate was then filtered
and transferred to 100mL flasks and diluted to volume
with distilled water. Subsequently, 200uL of filtrate
was diluted with 1.8mL water. Oxidant solution and
colour reagent were added as prescribed. Absorbance
was read at 558 nm and the hydroxyproline content of
the sample was determined using a calibration curve
from hydroxyproline. Collagen content was calculated
by multiplying the result with a factor of 8, and ex-
pressed relative to the wet sample weight.
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The determination of intramuscular fat in LTL and
SM samples (3+0.19), was carried out by the De-
partment of Feed and Product Analyses, National In-
stitute of Animal Sciences in Hanoi, Vietnam, using a
1045/1046 Soxtec™ extraction system (FOSS Analyt-
ical AB, Hoeganaes, Sweden). The intramuscular fat
concentration was determined gravimetrically, and ex-
pressed relative to the wet sample weight.

The fatty acid composition of LTL samples was de-
termined by the Institute of Natural Products Chemistry,
Vietnam Academy of Science and Technology in Hanoi,
Vietnam. Total intramuscular lipids were extracted ac-
cording to the method of Bligh & Dyer (1959). Fatty
acids were then methylated and injected onto agas chro-
matograph (model 6890, Hewlett Packard, New York,
NY, USA), equipped with a flame-ionised detector and
aDB-23 capillary column (Agilent Technologies, Santa
Clara, CA, USA). Theresults are expressed as a percent-
age of the total fatty acid methyl esters in the sample
and summed up to proportions of saturated fatty acids
(SFA), monounsaturated fatty acids (MUFA), and poly-
unsaturated fatty acids (PUFA). The ratio of PUFA to
SFA (P/S ratio) and the peroxidisability index, accord-
ing to Arakawa & Sagai (1986), were additionally cal-
culated.

2.6 Satistical analysis

Linear mixed models were fitted using the PROC
MIXED function of SAS 9.3 (SAS Ingtitute Inc., Cary,
NC, USA). The effects of the genetic group (purebred
Ban pigs vs. PiDu-sired crossbreds) and muscle (LTL
and SM representing loin and ham, respectively), and
their interaction were considered as fixed. Because the
exact day of birth was not availablein al cases, the ap-
plication of a covariate for age at slaughter was preven-
ted. Variation due to the slaughter day (13 levels), nes-
ted within the slaughter location (three levels), was fit-
ted as a random effect. For drip loss and cooking loss,
the initial weight of the sample subjected to measure-
ment was added as a linear covariate. For carcass traits
the fixed effect for muscle, and the interaction term
were removed from the model, because the effect of
muscle did not apply to these traits. Also the models
for intramuscular collagen concentration and fatty acid
composition simply referred to the fixed effect of ge-
netic group, because the measurements were only con-
ducted on LTL samples. The assumptions of normal-
ity of residues and the homogeneity of variances were
checked. Five muscle samples (three from purebred Ban
pigs and two from PiDu-sired crossbreds) exhibiting
dark, firm, dry (DFD) conditions, i.e. pH24 values >
6.0 had to be excluded from the analysis. Least squares

means (L SMEANS statement) were compared pairwise
using the PDIFF statement and the Tukey-Kramer ad-
justment (ADJUST = tukey) for unbalanced data. The
significant level was set at P < 0.05.

3 Results

As expected, the lean meat percentage and meati-
ness, as expressed in the loin eye area, were signifi-
cantly lower for traditionally produced Ban pigs com-
pared to PiDu-sired crossbreds slaughtered at the same
age (Table 2). The thickness of the subcutaneous fat
layer of Ban hogs was significantly lower compared to
the backfat thickness of PiDu-sired fatteners.

The rate of pH fall was slightly, but significantly de-
celerated for Ban pigs compared to PiDu-sired cross-
breds and in the SM muscle compared to the LTL
muscle (Table 3). The extent of pH fall, as indicated
by pH24 vaues, did not differ among genetic groups
or among cuts, negating differences in meat acidifica-
tion. Several samples of both genetic groups exceeded a
threshold of > 6.0in pH24, and could therefore be prone
to develop the DFD condition.

Differences in subjective colour assessment among
pork products derived from different genotypes and pro-
duction systems were not significant (Table 4), but there
was a tendency towards lighter, less red Ban |oins com-
pared with loins from PiDu crossbreds (P < 0.1). The
colour of the ham of Ban carcasses scored significantly
higher (i.e. darker and redder) compared to the loin
of Ban pigs. The subjective assessment was backed by
instrumental measurements. The SM of purebred Ban
pigs revealed lower CIE L* values, but higher CIE a*
and b* values than the LTL muscle. Correspondingly,
the myoglobin level of hams was significantly higher
compared with the loins of purebred Ban pigs. Within
carcasses from PiDu-sired hogs, hardly any differences
in subjective colour scores, instrumental colour values,
and pigmentation were detected among muscles. Ob-
jective meat colour did not differ between the loins from
purebred Ban pigs and commercial crossbreds, but ham
redness and yellowness were significantly higher for
purebred Ban fatteners. Levels of water-soluble myo-
globin in SM muscle from Ban purebreds tended to be
higher compared to those of PiDu-sired crossbred pigs
(+21%; P < 0.1), which could explain the increased a*
and b* values of traditionally produced hams.

After 72h storage at 4 °C, the drip loss of fresh meat
did not differ among genetic groups or muscles (Table
5), but it has to be noted that relatively more LTL
samples of purebred Ban pigs exceeded a threshold of
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Table 2: Carcass characteristics of traditionally raised purebred Ban and crossbred pigs from by Piétrain x Duroc sires.

Trait Purebred Ban PiDu-sired crossbreds RD Sgnificance”
N LSV N LSV

Carcass weight (kg) 33 8.2 10 39.6 32 e

Lean meat (%) 32 40.9 12 495 45

Backfat at last rib (mm) 33 6.7 12 17.1 32

Backfat above m. gluteus medius (mm) 33 58 11 115 34 e

Loin eye area (cm?) 33 7.6 9 24.2 2.3

N: Number of observations, LSM: least squares means, RSD: standard deviation of residuals.
T Significance level: ***, P<0.001.

Table 3: Postmortem glycolysis for muscles (m. longissimus thoracis et lumborum, LTL and m. semimembranosus, SM) from

traditionally raised purebred Ban and pigs from by Piétrain x Duroc (PiDu) sires.

. Purebred Ban PiDu-sired crossbreds Significance’
Trait Muscle RSD
N LSV N LSM G M GxM
pH 45 min LTL 33 6.32 12 6.20 0.23 * ** ns
SM 33 6.55 12 6.36
pH 24 h LTL 30 557 10 5.60 0.10 ns ns ns
SM 32 5.58 11 5.57

N: Number of observations, LSM: least squares means, RSD: standard deviation of residuals.
T Significance level for the effects of genetic group (G), muscle (M), and their interaction (G x M):**, P<0.01; *, P<0.05; ns, P> 0.05.

Table 4: Postmortem glycolysis for muscles (m. longissimus thoracis et lumborum, LTL and m. semimem-
branosus, SM) from traditionally raised purebred Ban and pigs from by Piétrain x Duroc (PiDu) sires.

Traitt Muscle Purebred Ban  PiDu-sired crossbreds RSD Significance*
N LSM N LSM G M GxM

JCs LTL 33 310V 12 3.66 060 ns  ** *
SM 33 389~ 12 381

CIEL* LTL 33 47.34% 11 46.38 2.36 ns *x *
SM 33 43667 11 4549

CIE & LTL 33 876V 12 904 155 ns e
SM 33 12.05% 12 10.38°

CIE b* LTL 33 259 12 1.73 1.02 FRx o kEE ns
SM 33 363 12 251

Mb (mg/g) LTL 33  0.79Y 12 0.92 0.28 ns * o
SM 31 1.12*% 12 0.89

N: Number of observations, LSM: least squares means, RSD: standard deviation of residuals.

T JCS: Japanese Colour Score ranging from extremely light (1) to extremely dark red (6), CIE L*: lightness,
CIE & : redness, CIE b*: yellowness, Mb: water-soluble myoglobin.
¥ Significance level for the effects of genetic group (G), muscle (M), and their interaction (G x M):

** P<0.001; **, P<0.01; *, P<0.05; ns, P>0.05. Where the interaction is significant, different
superscripts represent significant differences among muscles (x,y; within genetic group) or among genetic
groups (ab; within muscle) at P<0.05.
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7% drip loss (33% for purebred Ban pigs vs. 8% for
PiDu-sired crossbreds). Furthermore, cooking losses at
24 h post-mortem did not differ. In contrast, meat from
traditionally produced Ban carcasses exhibited a signifi-
cantly lower ratio of expressible to retained moisture
at 24 h post-mortem according to the filter paper press
method compared with meat from PiDu-sired cross-
breds fattened under semi-extensive production condi-
tions.

Although not significant, the intramuscular collagen
levels of the LTL muscle of purebred Ban pigs ten-
ded to be higher when compared to PiDu-sired barrows
(+18%; P<0.1; Table 6).

In Table 6, it is also shown that muscles of purebred
Ban pigs had considerably lower intramuscular fat levels
on awet tissue basis compared with commercially pro-
duced PiDu crossbreds (-51% and —42% relative to
LTL and SM of PiDu crossbreds, respectively).

The composition of lipids of the LTL musclerevealed
some remarkable differences between product categor-
ies (Table 7). Although the small difference encountered
in the proportion of stearic acid (C18:0) was significant,
the overall proportion of SFA did not differ among ge-
netic groups. The most abundant fatty acid in pork from
both sourceswas oleic acid (C18:1 n-9), which was sig-
nificantly higher inthe LTL of PiDu-sired fatteners, res-
ulting in a considerably higher concentration of MUFA
in the loin of the commercial crossbreds. In contrast, li-
noleic acid (C18:2 n-6) was detected at a significantly
higher percentage in the traditional meat product. Con-
sequently, the share of PUFA, the P/Sratio, and also the
peroxidisability index, were significantly higher in tra-
ditional Ban pork.

4 Discussion

4.1 Distinguishing carcass characteristics of tradi-
tionally produced Ban pigs

The marked differencesin carcass weight of Ban pigs
when compared to commercial crossbreds is expected
and mainly attributable to the effect of sire breeds and
thelong-term selection on growth and lean meat produc-
tion in the paternal lines. The Piétrain breed is particu-
larly known for marked muscling and a large loin eye
area, even when compared to other modern breeds (Gil
et al., 2008). The superior carcass yield of PiDu-sired
porkers may have been further enhanced by feeding im-
proved diets. During the study period, the diets of local
Ban pigs were mainly based on banana pseudostem and
rice bran. Similar diet compositions were reported for
traditional pig husbandry systems of other regions of the

SEAM (Nakai, 2008; Phengsavanh et al., 2010; Riedel
et al., 2012). Banana pseudostem is readily available
around the farm premises, but characterised by low per-
centages of dry matter, crude protein and gross energy.
All farmers raising crossbred fatteners added ground
maize grain to the diet, enhancing the dry matter per-
centage and the gross energy content of therations. Also
vegetable leaves and brewer’s grains were important in-
gredients in most of the preparations for commercial
crossbreds, where particularly the brewer’s grains rep-
resented an important source of dry matter, gross energy
and crude protein. Using data from the Animal Feed
Resources Information System (2016), it could be es-
timated that crossbreds consumed 1.8 times more dry
matter on a daily basis than Ban pigs. As aresult, com-
mercial fatteners could have realised an estimated 2.3
and 2.0 times higher daily intake of crude protein and
gross energy, respectively. However, no nutritive analy-
ses of the diets have been carried out in this study, and
the composition and nutritive value of diets may have
varied considerably on household level. Purebred Ban
fattenersrevealed areduced dorsal fat layer comparedto
commercial crosses, whereas, generally, the oppositeis
found when comparing slow-growing breeds with mod-
ern genotypes at equal age (e.g., Wood et al., 2004), but
this can at least be partly explained by the exceptionally
low slaughter weight of Ban pigs. For older Ban pigs, a
rapid increasein fat deposits would be expected, as sug-
gested by the results of Hau (2008), where purebred Ban
pigs displayed abackfat thickness of 30 mm at an age of
approximately 10 months. This indicates that timing of
slaughter in relation to maturity iscrucial for the success
of marketing of specialty Ban carcasses, because for
premium markets lean carcasses at lower body weights
arerequested (10 to 15kg live weight and a minimum of
40% of lean meat accordingto Leet al., 2016). Heavier
and fatter Ban pigs can only be sold in rural markets at
lower prices per kg of live weight.

4.2 Distinguishing physico-chemical traits of tradi-
tionally produced Ban pork

Early pH fal and ultimate pH are widely used as
indicators for undesired meat conditions such as pale,
soft, exudative (PSE) and DFD pork. The rate of pH fall
in relation to high pre-rigor temperature in the muscle
can have pronounced effects on post-mortem metabol-
ism, as well as protein denaturation, and, consequently,
on meat quality, and several studies documented breed
differences in pH fall and ultimate pH when compar-
ing slow-growing and high performing breeds (Chang
et al., 2003; Renaudeau & Mourot, 2007). In the present
study, the fall of the early post-mortem pH was acceler-
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Table 5: Water binding properties for muscles (m. longissimus thoracis et lumborum, LTL and m. semimembranosus, SM)
fromtraditionally raised purebred Ban and pigs from Piétrain x Duroc (PiDu) sires.

I _ T
Traitt Muscle Purebred Ban PiDu-sired crossbreds RD Sgnificance
N LSM N LSM B G M  GxM
Drip loss (%) LTL 30 6.07 11 6.12 1.26 *x ns ns ns
SM 30 5.84 11 6.29
Cooking loss (%) LTL 33 30.37 12 30.02 372 xx* ns ns ns
SM 33 31.28 12 29.58
FPP (cm?/cm?) LTL 33 0.36 12 0.42 0.04 - bl ns ns
SM 33 0.39 12 0.43

N: Number of observations, LSM: least squares means, RSD: standard deviation of residuals.

T Drip loss was measured at 72 h post-mortem and cooking loss at 24 h post-mortem. FPP: moisture expressible by the filter paper
press method.

* Significance level for the effects of sample weight as covariate (8), genetic group (G), muscle (M), and their interaction (G x M):
*** P<0.001; **, P<0.01; ns, P>0.05.

Table 6: Intramuscular fat and collagen concentrations for muscles (m. longissimus thoracis et lumborum, LTL and m.
semimembranosus, SM) from traditionally raised purebred Ban and pigs from Piétrain x Duroc (PiDu) sires.

Traitt Muscle Purebred Ban PiDu-sired crossbreds RD Sgnificance*
N LSM N LSV G M GxM
IMF (%) LTL 30 1.63 11 331 0.90 rxk ns ns
SM 30 1.80 12 3.08
IMC (%) LTL 31 250 12 204 0.66 ns - -

N: Number of observations, LSM: least squares means, RSD: standard deviation of residuals.
T IMF: Intramuscular fat, IMC: intramuscular collagen.
* Significance level for the effects of genetic group (G), muscle (M), and their interaction (G x M): ***  P<0.001; ns, P> 0.05.

Table 7: Lipid composition of muscle (m. longissimus thoracis et lumborum) from traditionally raised purebred Ban and
pigs from Piétrain x Duroc (PiDu) sires.

Traitt Purebred Ban PiDu-sired crossbreds RD Significance®
N LSV N LSV
C16:0 (%) 24 23.50 12 24.01 1.16 ns
C18:0 (%) 24 13.10 12 11.65 134 *x
C16:1 n-7 (%) 24 151 12 2.44 0.64 i
C18:1 n-9 (%) 24 38.49 10 46.89 4.34 ok
C18:2 n-6 (%) 24 17.39 11 10.47 4.28 ol
> SFA (%) 24 38.48 12 38.52 2.10 ns
> MUFA (%) 24 41.59 11 49.43 4.70 *x
> PUFA (%) 24 22.13 11 12.79 6.45 *x
P/Sratio 24 0.58 11 0.33 0.18 *
Peroxidisability index 23 29.70 11 17.02 9.03 **

N: Number of observations, LSM: least squares means, RSD: standard deviation of residuals.

T SFA: Saturated fatty acids, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids. The P/S ratio was
calculated as Y, PUFA/Y, SFA and the peroxidisability index was calculated according to Arakawa & Sagai (1986).

* Significance level: ***, P<0.001; **, P<0.01; ns, P>0.05.
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ated for PiDu-sired crossbreds compared to Ban pigs,
however, it is suggested that these differences in pH
development are practically not relevant because pork
from PiDu-sired crosshred exhibited no further indica-
tions of the PSE condition. Ultimate pH has a marked
influence on consumer perception of pork eating qual-
ity, but currently no differencesin incidence of meat de-
fects between the traditional Ban pork and pork from
semi-extensively reared crossbreds are expected. The
relative advantage of local Ban pork in terms of the ab-
sence of PSE might be more pronounced, if compared
to pork from industrially produced completely exotic
crossbreds segregating for the halothane gene (Webb &
Casey, 2010).

Rather than being a consequence of combined rear-
ing and genetic effects, sporadically occurring high pH
values at 24 h post-mortem in both product categories
could indicate a depletion of glycogen reserves prior to
dlaughter as a consequence of stress and higher physical
activity of the pigs (Henckel et al., 2002). Under the pre-
valent slaughtering conditions, genetic disposition for
reduced meat quality is expected to be rather reflected
in an increased incidence of DFD than of PSE. The fre-
guency of LTL muscles exhibiting ultimate pH values >
6.0 amounted to 9% for Ban fatteners and to 17 % for
the crossbreds. Because of the small samplesize, the dif-
ference in proportions between the groups was not sig-
nificant (P = 0.598; unpublished), but should be further
investigated. The higher pH of DFD meat could promote
microbial growth and negatively impact meat safety,
particularly under the conditions of informal pork value
chains, where a continuous cold chain cannot be safe-
guarded.

The preference of consumers is substantially influ-
enced by product appearance, especially by its colour.
However, meat colour differences of fresh meat fromthe
two genetic groupswere small in this study, and not suf-
ficient for effectively discriminating the product categor-
ies. It is questionable whether the differences in instru-
mental colour found when comparing the ham of both
genetic groups are detectable by human vision, given
that the difference in JCS was non-significant. Simi-
larly, Renaudeau & Mourot (2007) observed no differ-
ences in meat colour of the longissimus dorsi muscle
when comparing Caribbean Creol e pigsto acommercial
breed at a body weight at slaughter of 90kg, but signifi-
cantly lower L* and b* valuesfor the semimembranosus
muscle of the slow-growing Creole breed. Meat light-
ness and redness differed particularly when comparing
Iberian pig lines to a commercia crosshred (Estévez
et al., 2003, 2006), with lower L* values and higher
a* values for Iberian pork. Estévez et al. (2003) detec-

ted significant breed differences for the haem pigment
content of longissimus dorsi between Iberian pigs and
acommercial crossbred, which may underlie the differ-
ences in colour. Yet, breed effects on meat colour and
pigmentation might be exaggerated when slow-growing
breeds are slaughtered at a higher age, because haem
pigment levels and the redness of the meat are sup-
posed to increase with age (Trefan et al., 2013). For
the traditionally produced carcasses, a strong colour
gradient was observed. The differences in meat colour
between LTL and SM of purebred Ban pigs were backed
by differences in pigment content, which could be re-
lated to the divergent function and metabolic profiles of
muscles. In line with this assumption, Gil et al. (2008)
found that oxidative traits, including pigment content,
were more pronounced in the semimembranosus muscle
compared to thelongissimus thoracis muscle, which had
ahigher glycolytic activity.

The ability of meat to retain water is associated with
purgeloss and processing quality, but also with the sens-
ory perception of fresh and cooked meat. Tradition-
ally produced Ban pork did not reveal improved wa-
ter binding properties when compared to meat from the
exotic sired crosses also rather extensively produced
in the same region. Caribbean Creole had significantly
reduced drip and cooking losses compared to Large
White pigs under standardised experimental conditions
(Renaudeau & Mourot, 2007). It should to be noted that
in the previously mentioned study, the effect of slaughter
weight was accounted for, but age was a confounding
factor. When slaughtered at the same age, Duroc exhib-
ited higher drip losses than traditional British breeds,
but Large White revealed the lowest purge loss and did
not differ from traditional British breeds (Chang et al.,
2003). Drip loss as an indicator for water holding capa-
city is closely related to the post-mortem pH develop-
ment (Schéfer et al., 2002). The absence of pronounced
differences in post-mortem pH development between
pork from both production contexts in the present study
might, thus, partly explain the absence of significant dif-
ferencesin drip and cooking loss. However, factors such
as proteolytic activity, connective tissue characteristics,
and the amount of intramuscular fat could aso contrib-
ute to water mobility within meat during storage and
water loss during cooking (Pearce et al., 2011). Only
in a controlled experiment the water binding potential
of Ban meat in relation to pork from conventional geno-
types could be determined.

Wheeler et al. (2000) showed that the tenderness
scoring of pork musclesis influenced by collagen prop-
erties in relation to proteolysis and sarcomere length.
In the present study, intramuscular collagen levels ten-
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dedtoincreasefor traditionally produced LTL from Ban
pigs. Instrumentally assessed tenderness between tradi-
tional British pig breeds and modern lines differed sig-
nificantly, with longissimus dorsi derived from Duroc
being the toughest, followed by Tamworth and Large
White samples, which exhibited similar values, and
Berkshire, which revealed the most tender meat (Chang
et al., 2003). Whereas Western consumers favour more
tender meat (Moeller et al., 2010), to the best of our
knowledge no organoleptic studies on pork including a
Vietnamese test or consumer panel are available, which
makes it difficult to create assumptions on acceptabil-
ity based on intramuscular collagen levels. Additionally,
the variation in intramuscular collagen would probably
not allow for the discrimination of product categories by
sensorial assessment.

4.3 Distinguishing lipid characteristics of tradition-
ally produced Ban pork

In contrast to the present findings, most studies com-
paring slow-growing traditional genotypes to modern
breeds reported higher intramuscular fat contents for
the former (e.g., Estévez et al., 2003; Renaudeau &
Mourot, 2007). Wood et al. (2004) pointed towards a
more complex situation, with increased marbling fat in
Duroc pigs and traditional Berkshire compared to Large
White and Tamworth pigs slaughtered at equal age. For
intramuscular fat accumulation, additional factors be-
sides breed have to be taken into account. As previously
mentioned, the diets of Ban pigs were characterised by
alow nutrient density, while for PiDu-crossbreds an in-
sufficient supplementation with essential amino acids
could be proposed. Deficiency in essential amino acids
is common for homemade diet preparations for pigs
on smallholder farms in Vietham (Pham et al., 2010).
Thus, periods of restricted alimentation through a high
dilution of nutrients and a low maturity at slaughter
age could have specifically contributed to the low in-
tramuscular fat percentage of pork derived from tra-
ditionally raised Ban pigs, while a deficit in lysine in
diets for PiDu-sired crossbreds could have resulted in
their comparatively high intramuscular fat concentra-
tion (Da Costa et al., 2004). In line with the results
obtained for the commercial crossbreds in the present
study, Luc et al. (2014) observed high intramuscular
fat levels of 2.8% for commercial crossbred barrows
raised under smallholder conditions in northern Viet-
nam. This value is slightly lower compared to the val-
ues for PiDu-sired crossbreds presented herein, which
could be due to the higher proportion of exotic blood
(25% Mong Cai and 75 % exotic) in the crosses invest-
igated by Luc et al. (2014). In Ban pigs, compensat-

ory fat deposition during the later stages of maturation
could result in highly marbled meat cuts, asindicated by
dramatically increased subcutaneous fat deposits repor-
ted by Hau (2008). The impact of the intramuscular fat
percentage on eating quality is controversial. Ciobanu
et al. (2011) indicated that correlations between con-
sumer acceptability and intramuscular fat level across
several studies were relatively high, ranging from 0.54
t0 0.68, but Moeller et al. (2010) hardly detected any ef-
fect on consumer acceptability below a threshold level
of 5to 6% of intramuscular fat.

The reasons for the remarkable differences in fatty
acid profiles between product categories cannot be
traced back with certainty because both aspects, genetic
and nutritional, contribute to variation in the fatty acid
composition. The fatty acid pattern of the traditional
product, however, resembles more that of |leaner modern
pig breeds than slow-growing genotypes, whereas the
lipid composition of LTL of PiDu crossbreds was closer
to that found for muscles of local European purebreds
(Estévez et al., 2003, 2006; Renaudeau & Mourot,
2007). Wiecek et al. (2011) showed that feed restric-
tion can affect the fatty acid composition of longissimus
thoracis and increase the P/Sratio. Under traditional ex-
tensive husbandry conditions, frequently occurring fluc-
tuations in feed quantity and quality could, therefore,
contribute to the specific fatty acid pattern of the LTL
of Ban pigs. Furthermore, it is assumed that the limited
development of the fat deposits of Ban pigs could have
contributed to the fatty acid composition of the loins of
traditionally produced Ban pigs, because dietary PUFA
get less ‘diluted’ by de novo synthesised fatty acids.
Variationsin lipid quality haveimplicationsfor the shelf
life, technological quality, and also health attributes of
pork products, but trade-offs between these domains
exist. Because replacing SFA with PUFA most prob-
ably decreasestherisk of coronary heart diseases (FAO,
2010), the higher share of PUFA in Ban pork could be
considered as beneficial. However, the higher share of
PUFA in traditional pork was at the expense of the pro-
portion of MUFA, but not of SFA compared with the
commercia product, therefore health benefits from the
consumption of traditionally produced Ban meat are ar-
guable (ibid.). The significantly increased peroxidisab-
ility index of the traditional pork product compared to
commercial meat, however, indicated a higher number
of doublebondsin fatty acidsof LTL in Ban pork, which
could increase its proneness to oxidation. Therefore,
specific attention has to be put on the shelf life of fresh
traditional productsfrom Ban pigs, especially when they
are transported over long distances. With respect to the
processing and storage characteristics of manufactured
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goods from Ban, the lipid composition of the subcu-
taneoustissueis of higher importance than the composi-
tion of theintramuscular lipids, however the former was
not the subject of the present study.

5 Conclusionsand implications

The marketing of pork derived from local pig breeds
as a specialty food item could be an important source
of additional income for rural smallholders of moun-
tainous northern Vietnam, provided the productsare dis-
tinguishable from commaodity pork. Exemplified for the
Vietnamese Ban breed, this study demonstrated that tra-
ditionally produced local pork indeed exhibits distinc-
tions compared to pork from crossbreds produced under
semi-extensive conditions. It was shown that, besides
smaller cut dimensions and a reduced amount of back-
fat, possibly serving as quality cues in gourmet gastro-
nomy (Phuong et al., 2014), particularly features rel ated
tolipid characteristicsallow for aclear discrimination of
traditionally produced local pork. Other important traits,
for instance the ultimate pH, were similarly expressed
in both product types; in this case however, the defin-
ite approval of the null hypothesis was impeded due to
the restrictions in sample size and statistical power. A
lower incidence of the DFD defect in Ban pork could
not be excluded. These peculiarities could provide the
basis for a marketing concept to fill market niches on
the increasingly commodified pork markets of Vietnam.
The present study focused on technol ogical meat quality
traits, but follow-up research should focus on sensory
analyses alowing inference to be drawn about the ac-
ceptability of the products. The differencesin meat qual-
ity observed herein are supposed to be largely related
to genetic background and its covariance with regional
management and feeding practices. These confounding
factors (diet, housing, and particularly slaughter weight)
and between-household variation aggravate the estab-
lishment of causal relationships with respect to the im-
pact of genetic background on meat quality, which is
one limitation of the present study. The context in which
the pork is produced is highly relevant for the evalu-
ation of the products under the practical conditions of
regional production; therefore, an observational design
was preferred over a cross-classified design for the pur-
pose of the current study. These considerations also im-
ply that the transfer of these results to pork products of
other SEAM production conditions, including (semi-)
intensively produced pork derived from crosses between
exotic breeds, is prevented. Further investigationsin this
direction are encouraged.

Finally, there are still major constraints for design-
ing a value chain for specialty pork that would contrib-
ute to the rural development of the Vietnamese uplands
and elsewhere in the SEAM. For instance, it remains
questionable whether the most disadvantaged producers
are capable of meeting the market demand for local
pigs in terms of volume, timeliness and quality, and
whether they would actually benefit from price premi-
umsin view of high transaction costs in complex value
chains. However, the present results may contribute to
connecting marginalised farmers from ethnic minorities
of the mountainous areas of northern Vietnam to remu-
nerative urban ‘high-end’ pork markets in the lowlands
and hence to creating added value for the producers (Le
et al., 2016). The characterisation of traditionally pro-
duced Ban pork by technological and functional qual-
ity attributes and its discrimination from commaodity
produce allow establishing a common understanding of
Ban pork quality along the value chain from farmers to
the final consumers. This common understanding of the
product could facilitate the development of production
protocols and branding. Thelatter could provide protec-
tion against free-riders, help to overcome information
asymmetries, and, as a consequence, safeguard the sta-
bility of outlets and price premiums. Such approaches
could thereby support the in situ conservation of local
Southeast Asian pig genetic resources.
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