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Abstract
The effects of PS were determined as a concentrate added to feed and of the days it was short-term and
long-term fed to fattening dairy steers on their growth performance, carcass characteristics, meat quality,
and economic return. The experimental units comprised 36 feedlot dairy steers arranged as a 2 ⋅ 3
factorial in a completely randomized design. The �rst term (diet factors) consisted of ground corn (GC),
ground cassava (CA), or pineapple stem starch (PS) at 37% dry matter (DM) in the concentrate. The
second term (feeding factors) consisted of feeding the concentrate from 1 to 206 days (short-term
feeding) or from 1 to 344 days (long-term feeding). At the end of the feeding term periods, the animals
were slaughtered and the growth performance, carcass characteristics, and meat quality were evaluated.
The average daily gain (ADG), feed:gain ratio, dry matter intake (DMI), hot carcass and cool carcass
percentages, and backfat thickness were greater for steers on short-term than on long-term feeding.
Feeding the different starch sources had no negative in�uence on the growth performance, carcass
characteristics, and meat quality. However, the ADG of steers fed PS tended (P = 0.07) to be higher than
for those fed GC or CA. In addition, the concentration of the fatty acid C14:1 in the longissimus dorsi
muscle was the highest in steers fed CA. Different starch sources had similar values for saturated fatty
acid (SFA) and monounsaturated fatty acid (MUFA.) Long-term feeding increased MUFA. Pineapple stem
starch could be a useful feed ingredient for feedlot steers as an alternative starch source for energy.

Introduction
In southeast Asia, corn and cassava are commonly used as carbohydrate sources for ruminant diets
because the climate and soil conditions are suited for their production. For feedlot cattle, rations have
been substituted successfully with cassava, as cassava root products as a cereal substitute provide
approximately 15 – 40% extra protein source (Chanjula et al. 2007, Boonsaen et al. 2017). However,
concurrently, the demand for cassava and corn has increased for biofuel production, resulting in supply
shortages and concomitant increases in the prices of these raw materials. Farmers have
considered using cassava and corn by-products as a part of agro-industry. The by-products and blended
by-products can be used as alternative raw materials and as cost-effective alternatives to cereal grains
(Walter et al. 2010, Zenobi et al. 2014, Joy et al. 2017). 

Thailand is one of the major countries producing and exporting pineapples in the world (FAO 2019). After
harvesting the pineapple fruit in the �eld, the pineapple stem and leaves are considered agricultural
residue. However, the pineapple stem can be used as a raw material to extract bromelain enzymes, using
a simple process without applying harsh chemicals. The by-products (crushed stem and waste matter)
from this process contain very high starch levels. Pineapple stem starch (PS) has a high starch content,
especially of amylose (Nakthong et al. 2017). Our previous study found that feedlot steers fed a
concentrate diet containing 40% PS as an energy source had an increased amount of ruminal total short-
chain fatty acid (SCFA) and ruminal amylolytic group bacteria. In addition, Ruminococcus bromii was
dominant among the microbial communities, resulting in improved steer growth
performance (Khongpradit et al. 2020).
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In ruminants, dietary carbohydrate is converted into various short-chain compounds (such as acetate,
propionate, and butyrate) immediately after feeding. Acetate is more important than glucose as a source
of lipid in both liver and adipose tissue (Choi et al. 2014, Nayananjalie et al. 2015). Lipid muscle also
known as intramuscular fat (IMF), is one of the carcass traits used to determine meat quality and is
mainly linked to the number and the size of intramuscular adipocytes (Hocquette et al. 2010). The quality
traits of meat (such as �avor, tenderness, juiciness, or nutritional value), especially in IMF, can in�uence
consumer purchasing power (Wood et al. 2008). However, various factors affect the IMF accumulation
such as an animal breed, feed, and feeding (Pethick et al. 2004, Park et al. 2018, Mwangi et al. 2019).
Hanwoo, American, and Australian crossbred cattle raised on a high-concentrate grain-fed base diet
increase their IMF (Hwang & Joo, 2017). Increasing the slaughter age contributed to a higher carcass fat
content, particularly in steers (Steen & Kilpatrick, 1995). Feeding strategies in �nishing cattle are one of
the major criteria affecting animal performance and carcass quality which can provide information
useful in identifying the best time for slaughter to earn more pro�t (Cacere et al. 2014). In addition, the
feed cost and the number of days on the feed are important criteria. PS is a high-potential, alternative
feedstuff in cattle diets but very few studies have been done involving PS regarding the carcass
characteristics, meat quality, and economic return for feedlot steers. The objectives of this study were to
investigate the effect of pineapple stem starch on the growth performance, carcass characteristics, meat
quality, and the economic return of feedlot dairy steers. 

Materials And Methods
The experimental procedures were carried out at the Ruminant Research Unit, Department of Animal
Science, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University, Nakhon Pathom, Thailand, in
accordance with approval by the Animal Usage and Ethics Committee of Kasetsart University, Thailand
(ACKU62-AGK-007). 

Animals, experimental design, and feeding

Thirty-six Holstein crossbred steers (aged 22 months) with an average initial body weight of
453.0±35.3 kg were used in the experiment. All animals were raised in open-air pens (2.5 m × 4
m) and had free access to freshwater. The experimental units were randomly assigned to three different
starch sources of concentrates (Table 1): ground corn (GC), ground cassava (CA), or pineapple stem
starch (PS) in combination with 2 feeding periods: 1) 1 to 206 days (short-term feeding) and 2) 1 to 344
days (long-term feeding) with six replicates per feed-dietary treatment arrangements as a 2 ´ 3 factorial in
a completely randomized design. Some feedstuffs for the starch source (ground corn and ground
cassava) were purchased from a commercial feed company (Betagro Co., Ltd., Samut Prakan, Thailand),
while the pineapple stem starch was obtained from Hong Mao Biochemicals Co., Ltd., Rayong, Thailand.
The pineapple stem starch was dried under sunlight for 2–3 days. The other feedstuffs (rice bran,
defatted rice bran, defatted palm kernel meal) were purchased from Cowboyfriend Co., Ltd., Nakhon
Pathom, Thailand. For roughage, Napier grass (approximately 65-days old) was harvested from the
Ruminant Research Unit, Department of Animal Science, Faculty of Agriculture at Kamphaeng Saen,
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Kasetsart University, Nakhon Pathom, Thailand, chopped into 2–3 cm lengths, and ensiled. Rice straw
was purchased from a dealer in Suphan Buri province, Thailand. The steers were fed the concentrate ad
libitum with Napier grass silage (2 kg DM/head/day) and rice straw (0.9 kg DM/head/day). The diets
(concentrate and roughage) were offered twice a day at 7:00 am and 4:00 pm. The initial weight, �nal
weight, and dry matter intake (DMI) were recorded and body weight gain (BWG), average daily gain (ADG)
and the feed conversion ratio (FCR) were calculated to analyze growth performance. 

Feed sampling and analysis

Samples of the concentrate and roughage diets (Napier silage and rice straw) were taken every 2 weeks
for nutrient composition analysis. The samples were analyzed for dry matter (DM), crude protein (CP),
ether extract (EE), neutral detergent �ber (NDF), acid detergent �ber (ADF), calcium, phosphorus, ash
(AOAC 2016), and total carbohydrates (Sniffen et al. 1992). The metabolizable energy (ME) was
estimated using ME (Mcal/kg DM) = 1.01 × DE (Mcal/kg) - 0.45 and the digestible energy (DE) was
estimated using DE (Mcal/kg DM) = 0.04409 × TDN), according to NRC (2001). Total digestible nutrients
(TDN) was calculated using TDN (%DM) = 87.84 – (0.07 × ADF), according to Schmid et al. (1976). 

Slaughter, carcass characteristics, muscle sampling, and analysis

When the target day of feeding was reached, the animals were deprived of feed but allowed access to
freshwater. According to the halal protocol, animals were fasted for approximately 16 h before being
humanely slaughtered (Zainalabidin et al. 2019). After slaughtering, the hot carcasses were weighed and
chilled at 4°C. The hot carcass dressing percentage was calculated using (hot carcass
weight/slaughtered live weight) × 100. After 7 days of chilling, the cool carcass percentage using (chilled
carcass weight/slaughtered live weight) × 100. Muscle samples from the longissimus dorsi muscle (LM)
were cut between the 12th and 13th ribs on the righthand side and transported immediately at 4°C to the
laboratory for physical analysis, before being frozen prior to further chemical analysis. The pH of the LM
was measured using a portable pH meter (TESTO205 pH/temperature meter; Testo Pty Ltd., Croydon
South, VIC, Australia).

The drip loss of the LM was evaluated by the weight difference pre-hanging and post-hanging of the
meat samples at 4°C for 24 h (Honikel 1998). Meat color (L* = lightness; a* = redness; b* = yellowness)
was measured on a freshly cut, transverse surface after 30 min of blooming at three spots using a color
meter (HunterLab Mini Scan EZ, Reston, VA, USA) according to the protocol of CIE (1978). The irregular
shape of the LM area was measured using a compensating planimeter (Cacere et al. 2014). Backfat
thickness was measured using a set of calipers between the 12th and 13th ribs on the LM at three-
quarters of the length of the loin eye muscle from the chine (backbone) (Orellana et al. 2009). 

Chemical and fatty acid composition in meat analysis            

The moisture, crude protein, and crude fat contents of the LM were determined in duplicate (AOAC 2016).
The fatty acid pro�le of IMF was extracted using the direct fatty acid methyl ester synthesis method
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(Folch et al. 1957) and determined using a gas capillary chromatograph on a CP 7488, 0.20 mm ´ 50 m,
CP – Sill 88 capillary column (Chrompack CP 9001 chromatograph, Netherlands). The initial oven
temperature was 140 °C at 4 °C min-1, held for 10 min, then to 200 °C at 10 °C min-1, and held for 13 min.
Helium was used as the carrier gas at a �ow rate of 100 kPa. The injector was set at 270 °C and detector
at 280 °C. Fatty acid pro�les were identi�ed by comparing their retention times with those of
commercially available reference standards purchased from Sigma Aldrich (Germany).

Production cost

The production cost was determined by considering the costs of the steers, feed, and the total cost of
each animal according to the methods of Boonsaen et al. (2017) and Pintadis et al. (2020). The �xed
costs included depreciation price of land, building and equipment, and the variable costs included wages,
medicine, water, electricity, fuel, materials, and interest.

The economic analysis used the average regional prices for 2020. The key factors were the chilled
carcass weight at 7 days post-modern and the marbling grade (Beef Cluster Cooperative Limited, Nakhon
Pathom, Thailand). The price depended on the marbling score: score 1 = devoid at USD 5.74 per kg
chilled carcass, score 2 = slight at USD 6.39 per kg chilled carcass, score 3 = small at USD 6.89 per kg
chilled carcass, score 4 = moderate at USD 7.21 per kg chilled carcass, and score 5 = abundant at USD
7.54 per kg chilled carcass, where the conversion rate used was USD 1 = THB 30.50.

Based on the above valuation, the pro�t per head of steers raised during the �nishing period (short term
period or long-term period) was calculated using: Pro�t per steer = Total revenue per steer - Total cost per
steer.

Statistical analysis

Growth performance, carcass characteristics, and meat quality were analyzed as a 2 ´ 3 factorial in a
completely randomized design, using the following model: Yijk = μ + Fj + Si + FSij eijk, where Yijk is the
observed value of the dependent variable, μ is the overall mean, Fj is the effect of the days on feed (j = 1
to 2; 1 = short-term feeding, 2 = long-term feeding), Si is the effect of the treatment i (i = 1 to 3; 1 = GC, 2 =
CA, 3 = PS), and eijk is the experimental error. The hot carcass and cool carcass percentages, the crude
fat, crude protein contents, the drip loss, and the fatty acid pro�le were transformed using an arcsine
square-root transformation (Cook 1999) to achieve a normal distribution of the experimental error.
Analysis of variance (ANOVA) was used. Tukey’s honest signi�cant difference test was conducted for
multiple comparisons post-hoc. All statistical analyses were conducted using the R software, Version
3.6.2 (R Core Team 2020). Signi�cance was tested at P < 0.05.

Results
Growth performance and feed intake
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Long-term feeding of feedlot steers produced a higher weight gain and �nal weight (P < 0.01) but
decreased the ADG, DMI and feed:gain ratio compared with short-term feeding (P < 0.01) (Table 2). There
was no signi�cant effect of starch source. PS tended to produce a higher ADG than GC (P = 0.07).

Carcass characteristics and meat quality

The animals were slaughtered at 29 months and 34 months of age for short-term and long-term feeding,
respectively. The carcass characteristics were compared for the different starch sources. The long-term
feeding had a lower (P < 0.05) hot carcass percentage, cool carcass percentage and a higher (P < 0.05)
backfat thickness (Table 3). Meat quality parameters were considerably affected by the moisture, crude
fat, and crude protein contents, the drip loss, and the lightness (L*), redness (a*), and yellowness (b*) of
the LM. There were no differences (P > 0.05) in these characteristics among treatments except for the
lower yellowness (b*) in the long-term feeding treatments (P < 0.05) (Table 4). 

Fatty acid composition

The fatty acid compositions in the meat of the dairy steers fed on different starch source diets are shown
in Table 5. The concentrations of C14:1 (myristoleic acid) and C14:0 (myristic) were the highest in steers
fed CA (P < 0.05). The concentration of monounsaturated fatty acids (MUFA) decreased (P < 0.05) in
steers on long-term feeding. On the other hand, the different starch sources did not in�uence the
proportions of SFA and MUFA (P > 0.05) for either short-term or long-term feeding. 

Production cost and economic return

The economic return and income distribution of the steers fed the diets containing different starch
sources with short-term and long-term feeding are shown in Table 6. The feedlot steers fed PS had the
lowest feed cost per gain compared to those fed GC or CA for both the short-term feeding and long-term
feeding. Feeding PS produced the highest pro�t (USD 453.62) compared to feeding GC (USD 273.02) and
CA (USD 349.15). 

Discussion
Starch is one of the soluble carbohydrates that provides an energy source in ruminant feed. Many
researchers have evaluated the effect on animal performance of using one or more sources of starch with
different degrees of degradability and processing (Offner et al. 2003, Huhtanen & Sveinbjörnsson 2006,
Khampa & Wanapat 2006, Huntington et al. 2006, Gómez et al. 2016). The selection of dietary
carbohydrate sources is important to maintain the ruminal health and nutrient requirements of the
animals. In our previous study, the PS contained in the diet did not affected rumen pH but increased total
SCFA, ADG, and weight gain. The current study showed that PS tended to produce a higher ADG than for
GC (Khongpradit et al. 2020). Animal weight gain is usually due to the ingestion of nutrients that are
subsequently digested in the gut; thus, feed e�ciency is based on the properties of the feed
ingredients (Svihus et al. 2005, Stevnebø et al. 2009). The feed intake of the animal increases until
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animals meet the energy requirement (NRC 2000). In the current study, the DMI and BWG of the steers fed
diets containing different starch sources were not signi�cantly different, which was consistent with the
results of other researchers (Wang et al. 2009, Wanapat et al. 2011, He et al. 2015, Wang et al.
2016). However, feeding PS tended to produce a higher ADG than from feeding GC. The different sources
of carbohydrates signi�cantly in�uenced the intake of digestible energy (DE). Increasing DE resulted in a
gain in body weight and ADG. Thus, the higher the starch level in the carbohydrate source, the higher the
energy intake (Freitas et al. 2013). The fermentation products formed due to the interaction between the
microbes and the diet produced SCFA, lactic acid, or other organic acids that resulted in a decreased
ruminal pH and this may affect ruminal health (Castillo-González et al. 2014). Notably, in our previous
study, a diet rich in pineapple stem starch resulted in a normal range in ruminal pH (Khongpradit et al.
2020). Thus, it is suggested that PS at a high ratio has potential for use as a soluble carbohydrate
source in the diet of a ruminant without a risk to the animal’s health. The carcass parameters such as
carcass percentage, marbling, and backfat thickness were characterized according to the level of maturity
of the animals.  

Similarly, Nogalski et al. (2018) reported that steers slaughtered at a similar age had a similar IMF
content. The pH values in the meat were within the normal range (5.5–5.8) sourced from Page et al.
(2001). The lightness (L*), redness (a*), and yellowness (b*) were not affected by the starch source, nor
did the meat quality differ among the starch sources.

Growth of fat and muscle cell typically occur as the mass increases in terms of cell numbers
(hyperplasia) and size (hypertrophy) (Owens et al. 2013). In fattening steers, increased slaughter age and
live weights can be related to the increase in the carcass fat content (Stehen & Kilpatrick 1995). A
signi�cant difference in the �nal weight was observed between short-term and long-term feeding (Table
2). Long-term feeding produced lower hot carcass and cool carcass percentages (Table 3) than from
short-term feeding because feed e�ciency decreases as animals age due to a decrease in the rate of
muscle growth (Agastin et al. 2013). Feeding time is needed for muscle maturity and thereafter for the
muscle to �ll with fat content (Pethick et al. 2004). Four major adipose tissue located in animals
(abdominal, subcutaneous, intermuscular, and intramuscular) and for the late fattening stage of cattle,
intramuscular fat may grow continuously even though the development of the other adipose tissue
sources may slow or cease (Park et al. 2018). These results can be related to the increased backfat
thickness and consequently, the heavier animals and longer feeding times had higher subcutaneous fat
thickness (Owens & Gardner 2000), cross-sectional area of the LM (Keane 2003) and increased fat in the
IMF of Holstein-Friesian steers (Lengyel et al. 2004). Notwithstanding, this study did not show any
differences in the LM area and crude fat content. The proportion of IMF increases with age, the days of
feeding, the high-energy diet grain to forage ratio, and the breed (Aalhus et al. 1992). Breeds are positively
correlated with muscular and carcass weight (Albertí et al. 2005). Wulf and Wise (1999) reported that lean
maturity was correlated with the color parameters of L*, a* and b* values (highly with L*). Similarly, in the
current study, the highest values of b* resulted from long-term feeding. The b* values and backfat
thickness in the current study were similar to previous studies (Wulf et al. 1997, Page et al. 2011).
Furthermore, b* has been reported to be highly correlated with external fat thickness (Page et al. 2011).
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In this study, oleic acid (C18:1 n-9 cis) was the most abundant fatty acid in IMF. The high proportion of
oleic acid might have been due to feeding high-starch diets (Hwang & Joo 2017). Steers fed grain-based
�nishing diets typically display a general decrease in SCFA and increased MUFA (Huerta-Leidenz et al.
1996). 

In the current study, the optimum slaughter age for the highest pro�t was at age 29 months. Interestingly,
the price of pineapple stem starch as a raw material was lower than for ground cassava chip or ground
corn (66.7 and
 100 %, respectively). More importantly, the strategy for raising the feedlot cattle was to minimize feed-
cost and to maximize the economic return. PS showed good potential as a starch source in a fattening
diet for steers in terms of physical, chemical, or economic properties.

Conclusions
The results of the current study indicated that the utilization of pineapple stem starch was superior to
that of corn or cassava without having a negative effect on performance. The DMI among the different
starch sources was probably similar. Short-term feeding produced a higher ADG, hot carcass percentage,
and lower FCR, suggesting that short-term feeding (slaughtering at age 29 months) resulted in the best
performance by the dairy steers and was �nancially bene�cial. Steers fed concentrate diets containing
pineapple stem starch showed no negative impacts on carcass characteristics and meat quality, while
also generating the highest pro�t. Thus, pineapple stems have good potential as an alternative feedstuff
for feedlot cattle.
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