- Publishing

Journal of the Hellenic Veterinary Medical Society

Vol 73, No 1 (2022)

 IS5N 2585-3724

Il‘ |||| Nutritional evaluation of the agro-industrial by-
e products and waste fruits-vegetable for sustainable
ruminant nutrition

Hayrullah Bora UNLU, Figen KIRKPINAR, Miirsel
OZDOGAN
JOURNAL OF THE HELLENIG
VETERINARY MEDICAL SOCIE}LY: doi: 10.12681/jhvms.25386

MEPIOAIKO THZ EAAHNIKHE
KTHNIATPIKHZ ETAIPEIAY:

Copyright © 2022, Hayrullah Bora UNLU

———

P BN
Quarterly Edition /& & Ty ';\ Tpnvicia ExBean
) Topog 73, No 1

5 IANOYAPIOE. - MAPTIOR 2022,
)

This work is licensed under a Creative Commaons Attribution-NonCommercial 4.0.

Volume 73, No 1 [+
JANUARY -MARCH20Z2 \ %
\

To cite this article:

UNLU, H. B, KIRKPINAR, F., & OZDOGAN, M. (2022). Nutritional evaluation of the agro-industrial by-products and
waste fruits-vegetable for sustainable ruminant nutrition. Journal of the Hellenic Veterinary Medical Society, 73(1),
3657-3666. https://doi.org/10.12681/jhvms.25386

https://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at: 26/03/2026 08:18:45



Research article

JHELLENIC VET MED SOC 2022, 73 (1): 3657-3666
IEKE 2022, 73 (1): 3657-3666

Epevvnytixo aplpo

Nutritional evaluation of the agro-industrial by-products and waste fruits -
vegetable for sustainable ruminant nutrition

H.B. Unlii'®, F. Kirkpinar'®, M. Ozdogan>
! Department of Animal Science, Faculty of Agriculture, Ege University, Bornova, Izmir, Turkey

2 Department of Animal Science, Faculty of Agriculture, Adnan Menderes University, Aydin, Turkey

ABSTRACT: The growing consumption of ruminant animal products gives rise to a huge demand of animal feed
in growing countries.By-product feeds, waste fruits-vegetables, and crop residues should be considered as a valuable
alternative feed resource in ruminant nutrition. This wastecan be reutilized and converted by ruminants to valuable
products for human benefits as a new resource and in return to increase the effectiveness of limited feed sources.
But, there are limited new information and research regarding the nutritive value of this waste for ruminants. For
this purpose, the experiment was conducted to evaluate the nutritional potential of some agro-industrial by-products,
waste fruits-vegetable, and crop residue for ruminants specifically. Fourteen by-products, waste fruits-vegetable and
crop residue were collected from the west part regions of Turkey. Nineby-product feeds (whole cottonseed, rice bran,
soybean hull, apple pomade, citrus pulp, grape pomade, tomato pomade, grape stalk, rice hull), three waste fruits (dry
grape, dry fig, carrot), one waste vegetable (potato) and also one crop residue (cornstalk) were analyzed for nutritional
composition and metabolizable energy values were calculated by crude nutrients for ruminants. Further, energy, DMD,
and OMD of these samples were investigated by using the cellulose enzyme method. All samples were analyzed the
macro minerals (Ca, P, Na, K, and Mg) and the microelements (Fe, Cu, Mn, and Zn) contents. In the research, all
samples regarding the parameters in DM, ash, OM, CP, EE, CF, NFE, NSC, NDF, ADF, starch, sugar, Ca, P, Na, K,
Mg, Fe, Cu, Mn, Zn, DMD, OMD, ME_, and ME_ were different (P<0.05). Thestudy showed that the waste fruits,
vegetable, and by-products have valuable sugar (grape, fig, and carrot), starch (potato, rice bran), NSC (citrus pulp),
and oil (cottonseed) content that is the main compounds making them high energetic feeds for ruminants. Also, most
of these research materials have enough or much more macro and micro mineral concentrations for ruminant nutrition.
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INTRODUCTION

he growing world population depends on the con-

sumption and use of limited and diminishing nat-
ural resources such as arable land, fuel oil, fertilizer,
and water. However, the enlargement of human ur-
banization and with them increase of agricultural pro-
duction has caused not only environmental adversities
such as climate change, soil, and water degradation
but also economic and social concussion (Anguloa et
al. 2012). The increased demand for plant and ani-
mal foods needed to meet the basic nutritional needs
of people while making the already existing pressure
on agricultural production even more noticeable (Dou
et al. 2016). Also, the prediction byFAO (2011) that
the human population will reach 9.5 billion and the
world would need 73 percent more meat and 58 per-
cent more milk in 2050 (Wadhwa and Bakshi 2013).
Especially in animal production, to meet high feed re-
quirement demands, a huge quantity of feed resources
supply and the sustainability of the feed production
systems must be considered carefully.Also, there is
already a considerable scarcity of feed accessibility in
most developing and developed countries for animal
production (Godfray et al. 2010).

Therefore, it is necessary to use the limited re-
sources most efficiently and to evaluate the foods
obtained as the least waste, while raising the interest
in alternative feed materials that can increase the pro-
ductivity by animal species and reduce the food com-
petition between animals and humans. Considering
that approximately 30% of food produced (1.3 billion
metric tons) is waste before reaching people (Ajila et
al. 2012), and also each day the matters riseas long
as the amount of waste produced is greater than the
amount of waste. Therefore, serious attention to waste
management is essential for sustainable animal pro-
duction.

Several factors have led to increased interest in
by-product feeds and waste foods such as pollution
abatement, regulations, increasing cost of waste dis-
posal, and changes in perception of the value of these
feed as economic feed alternatives (Belyea et al.
1989). The primary reason for using by-product feeds
and waste foods as feed material is to reduce feed
cost and also during a drought or when is high fiber
forages limited. By-product feeds come from various
agro-industrial sources including such as grain pro-
cessing, extraction of juice processing industry, brew-
ing- wine distillery industry, marketplace or bazaars
that are main sources of fruit and vegetable wastes,

or crop harvesting, etc. Although many of these feeds
have been used for years, others like fruit and veg-
etable wastes as ruminant feed are relatively new
(Bernard 2010; Anguloa et al. 2012). Agricultural and
industrial by-products are generally cellulosic in na-
ture, with a high cellulose and hemicellulose content
and less efficient to the animal except for ruminants
(Agus, 2015; Bernard 2010). Ruminants have a valu-
able role in sustainable animal production and their
rumen serves as a fermentation tank containing the
microbial cellulose enzyme that is the only enzyme to
digest the fiber fractions rich in the by-products feed
stuffs, Oltjen and Beckett (1996).

Livestock is one of the fastest-growing agricultur-
al sectors in developing countries. Also, the demand
for animaloriginated foods is rapidly increasing in
most developing countries.However, many develop-
ing countries have feed deficits. New unconvention-
al alternative feed resources such as agricultural and
agro-industrial by-product feeds, fruits, vegetables,
and crop residues originated feeds could play an im-
portant role in meeting this deficit, Wadhwa and Bak-
shi (2013). Besides, their use in the ruminant ration
can also reduce the cost of feeding, giving higher
economic advantages to producers. These by-prod-
ucts feeds, which contain little economic value as
foods for human consumption would become con-
siderable sources of dietary nutrients and energy in
ruminant nutrition. Their use can also reduce the cost
of feeding, giving higher profits to producers. These
by-products feeds, which contain little economic val-
ue as foods for human consumption would become
considerable sources of dietary nutrients and energy
in ruminant nutrition.However, there has been little
new research regarding the nutritional value of the
agricultural and industrial by-products feedstuffs in
ruminant nutrition. The aim of this study was to know
and reevaluate the nutritional value of some agro and
agro-industrial by-products feeds for ruminant nutri-
tion.

MATERIALS AND METHODS

Sample collection

Nine different types of by-product feed; apple
pomace, citrus pulp, grape pomace, grape stalks, to-
mato pomace, cottonseed, rice bran, rice hull, soy-
bean hull; three fruits; carrot, dry fig, dry grape; one
vegetable; potato and one crop residue; corn stalk
were provided by six different agro-industrial facto-
ries, bazaars and harvested corn fields for nutritive
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evaluation based on their use in ruminant nutritionin
Izmir/Turkey. Each by-product, vegetable, fruits, and
crop residue consists of six different samples; each
one is analyzed in three replicates one by one for each
parameter. Before chemical analyses, all experimen-
tal samples were ground through a 1 mm screen in
preparation for chemical analysis and stored at 4°C in
a refrigerator until analysis.

Nutrient composition

Nutrient contents of air-dry samples were ana-
lyzed according to the methods reported in AOAC
(1997), and all data were presented on a dry matter
basis. All samples were analyzed for dry matter (DM)
(method 934.01), ash (method 942.05), crude protein
(CP) (method 990.03), ether extract (EE) (method
920.39), crude fiber (CF) (method 962.09). The sug-
ar content of the materials was determined by the
Luft-Scroll method and the starch determination by
the polarimetric method, AOAC (1990). Neutral de-
tergent fiber (NDF) and acid detergent fiber (ADF)
contents were determined using the methods by Van
Soest et al. (1991). Nitrogen-free extracts (NFE) were
calculated as 100-% (moisture+CP+EE+CF+ash).
Non-structural carbohydrate content (NSC) was ob-
tained using the following equations as 100-% (ND-
F+CP+EE+ash). Organic matter (OM) was calculated
as OM%=DM%-ash%.

Phosphorus (P) contents of the materials were read
by spectrophotometer (model PE General TU-1880
Model Double Beam UV-V15) by calorimetric meth-
ods. Atomic absorption spectroscopy (Ultrospec2100
pro UV/visible 106 spectrophotometer) was used for
determining calcium (Ca), potassium (K), sodium
(Na), magnesium (Mg), iron (Fe), copper (Cu), man-
ganese (Mn), zinc (Zn) concentrations.

Estimates for crude nutrition metabolizable energy
(ME_,) as kcal kg'' in DM were based on crude nu-
trients (protein, fiber, and fat levels) determined from
the samples using a prediction equation, TSI-9610
(1991);

ME_kcal  kg':3260+  (0.455xCP+3.517xEE-
4.037xCF) and CP, EE, CF quantities in OM (gkg™!).

All nutritional parameters, mineral contents, and
energy values of the samples are given on a dry matter
basis.

In vitro digestibility
The in vitro dry matter digestibility (DMD), or-

ganic matter digestibility (OMD), and in vitro cellu-
lose enzyme metabolizable energy (ME_, ) were de-
termined according to the cellulose enzyme method
described by (De Boever et al. 1986) modified from
Tilley and Terry (1963). The in vitro OMD was esti-
mated by the equation developed by Weissbach et al.
(1999). The enzymatic procedure investigated com-
prises 3 steps: (1) pepsin (Sigma) in 0.1 M HCl at 40°C
for 24 h; (2) starch hydrolysis in the same solution at
80°C for 45 min; (3) cellulase (from Trichodermavir-
ide, Serva) at 40°C for 24 h. The in vitro digestibility
analyzes were serially performed on each sample in
triplicate. Values are expressed on a dry matter basis
in all equations. Enzymatic DMD, OMD, and in vitro
ME_, were calculated using the following equations;

DMD, %=IVDMD %: ((A - (A, -A_))/A ) x 100

OMD, %=IVDOM %:100 x (940-CA-0.62 x EU-
LOS-0.000221 x EULOS?) / (1000-CA)

ME_, (Mcalkg-'DM) = (1.04 + (0.00001611 x
ELOS?) + (0.3724 x EE) - (0.0003674 x ELOS x EE)
~(0.0004919 x EE x CF) + (0.01548 x CF) ) /4.186

*EULOS; enzyme insoluble OM, A ; sample weight
(&), A ; crucible tare (g), ash%and EULOS in (g) DM

Statistical analysis

The statistical analysis of the results included a
one-way analysis of variance ANOVA using Gener-
al Linear Models and Duncan’s multiple range test,
which were applied to the results using the IBM
SPSS Statistics 25, SPSS (2016). The model included
by-product feed samples as main effects. Differences
were considered to be significant based on the 0.05
level of probability.

RESULTS

The means and standard errors for the nutrient
composition and mineral content of fourteensamples
are given in Table 1 and Table 2 respectively. Also,
Table 3 showed the DMD, OMD, ME_,, and ME
values of the samples.

CN? L

The differences among the by-product feed (apple
pomace, citrus pulp, grape pomace, grape stalk, toma-
to pomace, whole cottonseed, rice bran, rice hull, soy-
bean hull) fruits, (carrot, fig, grape), vegetable (pota-
to), and one crop residue (corn stalk) in DM, ash, OM,
EE, CP, CF, NFE, NSC, NDF, ADF, starch, and sugar
contents were significantly different P<0.05. The DM
content of the by-product feedswas within the range
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from117 to 935 g. In terms of the DMcontent of the
by-product feeds had a great variation. Carrot had the
lowest DM content, while corn stalk had the highest
DM content. The overall average means of the ashes
in by-product feeds varied between 24 and 193g. The
rice hull had extremely high ash content compared
with other by-product feed samples. The average
OM content of samples was quite high (806-975g).
Rice hull and rice bran, in samples, were lower the
OM content other than.The EE content of by-product
feeds and other samples were considerably variable;
cottonseed, rice bran, tomato pomace, and grape pom-
ace had the highest EE content (177.7, 159.8, 84.5,
and 75.7g respectively).On the other hand; potato and
rice hull had the lowest average EE content (3.3 and
5.3 g respectively) among the samples. Concerning
to the protein average means, in the by-product sam-
ples ranged from 219.6g to 61.2g. When samples are
compared with each other; cottonseed, and tomato
pomace were higher CP content (219.6 and 196.3 g
respectively) while corn stalk and fig were lower CP
(61.2 and 66.1 g respectively) content.

The NFE values calculated for research samples-
ranged the lowest in tomato pomace and whole cotton
seed 206.4 and 224.9 g to the highest in fig and potato
both the same value 783.9 g.Similarly, NSC means
as NFE were the lowest in rice hull, cottonseed, and
tomato pomace (16.2, 32.1, and 56.3g) on the other
hand; fig, carrot, and potatohad the highest NSC val-
ues (731.0, 683.2 and 660.3 g) in the samples.

In the study, the CF content of the by-product
feeds had a great variation. The cellulose concentra-
tion of the by-product feedswas within the range from
119.4 to 506.2 g. When rice hull, tomato pomace,
and soybean hull had the highest CF contents (506.2,
454.2 and 411.7 g respectively), potato, and fig had
the lowest average fiber concentration (19.4 and 76.6
g respectively). Except for some fruits and vegeta-
bles such as fig, potato, and carrot (129.6, 143.0, and
143.8g) were lower NDF content than all the other
by-products feeds and research samples. Cornstalk
and rice hull showed the highest NDF concentrations
(766.0 and 745.4g respectively). The ADF showed
that the potato had a lower mean value (22.1 g) than
other by-product feeds means. The highest ADF con-
tent was seen in rice hull as 645.3 g.

When the starch content was not determined in
grape, fig, carrot, and corn stalk; also rice hull and
grape pomace had the lowestmean and both the same
value (12.7 g), and potato had the highest starch content

(642.0 g) among the samples. The sugar content ranged
from 5.9g to 235.1g in by-products feed, fruits, vegeta-
ble, and crop residue samples; with the lowest content,
in rice hull, tomato pomace, and cottonseed (5.9, 17.2,
and 19.7g respectively) and highest value recorded for
fig and carrot (235.1 and 235.0 g respectively).

The means and standard errors for the mineral con-
tent of by-products feed, fruits, vegetable, and crop
residue (apple pomace, citrus pulp, grape pomace,
grape stalk, tomato pomace, cottonseed, rice bran,
rice hull, soybean hull, carrot, fig, grape, potato, corn
stalk) were given in Table 2. All the observed param-
eters related to mineral contents as Ca, P, K, Na, Mg,
Fe, Cu, Mn, and Zn of the feed samples were found
significantly different P<0.05. When the citrus pulp
and grape stalk had the greatest concentration of Ca
(17.3and 15.9 g respectively) ; rice bran and potato
had the lowest concentrations of Ca (1.4 and 1.9g re-
spectively) compared with all the other feed samples.

The mean P content was the highest in rice bran
(6.6g) and the lowest in rice hull (0.1g). The phos-
phorus concentration was less than 1% in all samples.
The potassium means the value of the by-product
feedswere within the range from 6.9 to 24.9 g. The
K concentration in rice hull and apple pomace (6.9
and 8.6g) is the lowest and significantly lower than
all other by-product feeds. Except for the rice bran
(8.4g), all the other samples were less than 5.9g mean
values for the Mg content. When the Na content was
the highest for carrot (5.3g), the lowest for the cit-
rus pulp and corn stalk samples (both the same value
0.5g). The Fe content was the highest for corn stalk,
soybean hull, and grape (619, 509, and 372mg), the
lowest the fig (141mg). The Mn content was great-
er than the grape stalk (133 mg) compared with the
other by-product feed samples. The Cu concentration
was the lowest for the corn stalk, rice bran, fig, and
apple pomace (54, 56, 57, and 57 mg) and the other
samples ranged 59 to 80mg.The Zn content in terms
of micro minerals for research samples ranged from
8.8 to 26.1mg. The Znconcentration mean value was
the highest for rice hull (26.1 mg), the lowest for the
citrus pulp (8.8mg).

The values of in vitro DMD, OMD, ME_, and
ME_,, contents of by-products feed, fruits, vegetables,
and crop residue samples are shown in Table 3; and
all parameters were observed significantly differences
P<0.05. In terms of DMD, considerable variation was
observed among the samples. The DMD values were
obtained in all samples (ranged 10.3 to 96.0%).The
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DMD was the highest for citrus pulp and potato (96.0
and 95.8% respectively), the lowest for the rice hull
(10.3%). The OMD of the samples were ranged from
22.8% for the rice hull to 95.7% for potato average
value. In the study, OMD values of the samples were
seen similar to DMD means. The average ME  value
in by-products feed, fruits, vegetable, and crop residue
samples was the highest for rice bran and potato (3118
and 3052 kcal/kg) and the lowest for rice hull (640kcal/
kg) average mean. The ME_ value was ranked 723
kcal/kg (rice hull) to 3310 kcal/kg (rice bran).

DISCUSSION

The present study was performed to evaluate the
nutrition value of the by-product feeds (apple pomace,
citrus pulp, grape pomace, grape stalk, tomato pomace,
cottonseed, rice bran, rice hull, soybean hull) fruits,
(carrot, fig, grape), vegetable (potato), and one crop
residue (corn stalk) for ruminant nutrition. When sam-
ples were grouped in four classes (by-products, fruits,
vegetables, and crop residue), DM was the lowestin
carrotand potato compared with other samples. All
by-products and other feed materials showed consid-
erable variation within the DM contents. Findings the
DM determined in this study are consistent with the
findings of relevant studies (White 1985; Arosemena
et al. 1995; Aghsaghali and Sis 2008; Lardy and An-
derson 2009; Azevédo et al. 2012; Eliyahu et al. 2015;
Wadhwa et al. 2015). However, the range reported by
Gupta et al. (1993) (carrot, potato) and INRA (2004)
(rice bran, soybean hull, cottonseed) were lower, when
DM contents declared by NRC (2001) (apple pom-
ace, tomato pomace) ; and Filleau et al. (2018) (apple
pomace, grape stalk) were exceptionally high value
some samples.These differences could be due to dif-
ferent agronomic practices adapted in different regions
and also originated by different industrial processing
methods. (Lardy and Anderson 2009) indicated that
water content may result in excessive effluent losses
and reduce ration dry matter content.Also the high
DM or low moisture content in ruminant nutrition is
very important because of providing easy storage and
use for ration. Meanwhile, the high moisture content
in by-products and food waste can cause difficulties
in balancing ration dry matter content, storageand also
increase microbial growth (Kabak et al. 2006; Tretola
et al. 2017). When using these types of feed that have
low dry matter content such as vegetables, fruits or
by-products may have to be used as soon as possible
and using together with dry forages to balance the dry
matter content of the TMR.

Our finding ofthe ashand calculated OM content of
the study samples were found similar with results of
relevant studies in general (White 1985; Arosemena et
al. 1995; NRC 2001; INRA 2004; Azevédo et al. 2012;
Wadhwa et al. 2015). Except for the rice hull (193g),
other samples had a low quantity of the ash contents
that were ranged from 24 to 88 g. Although the rice
husk has high ash content, it consists of approximate-
ly 90% silica while the useful mineral concentration is
lowWhite (1985). On the other hand; the low ash and
high OM contents of them suggest that they may be
valuable feed resources in ruminant nutrition.

The findings about EE content of research sam-
ples are consistent with the findings of relevant stud-
ies (Arosemena et al. 1995; NRC 2001; INRA 2004;
Azevédo et al. 2012; Wadhwa et al. 2015) but it is
lower than the value found by (Kajikawa 1995).In the
experiment, cottonseed and rice bran had the greatest
concentration of EE compared with all the other se-
lected feed samples.These by-products could be used
successfully as a source of energy, protein, and fiber
in ruminant ration (Wadhwa and Bakshi 2013). Since
the whole cottonseed has high fat and protein con-
tents, it may be defined as a concentrate feed Arieli
(1998). Although the high oil content of the cotton
seed (about 20% of dry matter) has a suppressive ef-
fect on rumen microbial activity, it should be consid-
ered as a good energy source for ruminants.

In terms of the CP content by-product feeds,
fruits, and vegetable showed the low mean value and
variability, except with cottonseed and tomato pom-
ace. The findings about CP contents of experiment
samples are consistent with the findings of the rele-
vant studies in general (Kajikawa 1995; NRC 2001;
INRA2004; Wadhwa et al. 2015; Filleau et al. 2018).
However, some researchers have reported that higher
CP content (Belyea et al. 1989; Azevédo et al. 2012).
Based on this study data, the average CP contents of
the samples could vary 39.0 from to 219.6 g.The dif-
ferences in protein content may vary depending on the
origin of the by-products, food industrial production
process, or used different agronomic production mod-
el.The results related to the CP contents suggest that
the by-products, fruits, vegetables and crop residue
should not be considered as a good source of protein
because of the low concentration and origin (Azevé-
do et al. 2012; Wadhwa et al. 2015) except the cot-
tonseed and tomato pomadefor ruminant. However,
Arieli (1998) concluded that the protein in the cotton-
seed has high rumen degradability of about 70-77%
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and can be use a good protein source in the ruminant
ration. Results of NFE and NSC contents agree with
findings of NRC 2001; Bernard 2010; Wadhwa et al.
2015. The NFE and NSC concentrations of the po-
tato, fig, grape, carrot, and citrus pulp were similar
and these samples had higher mean value than others
in the study. On the other hand, the research showed
that the tomato pomace, cottonseed, and rice hull had
lower contents both of NFE and NSC in accordance
previously mentioned by Bernard (2010).

As expected in the study, there was no starch in
the fruits (grape, fig, and carrot) and corn stalks, but a
very low starch content was found in other by-prod-
uct feed samples except the potato (642.0 g). These
findings agree with the previously reported study re-
sults or data by Belyea et al. 1989; Kajikawa 1995;
INRA 2004; Filleau et al. 2018. As a result, the pota-
to had a very high starch concentration feeding value
equal to cereal grain such as barley or corn grain on
a dry matter basis, INRA (2004). Satisfactory results
can be obtained in finishing or dairy cattle rations by
feeding potatoes as energy source raw feed material
like cereals (Nelson et al. 2000; Lardly and Anderson
2009). On the other hand, the research showed that
fruits (grape, fig, and carrot) and citrus pulp had high-
er sugar content than all others. Most of the research
or literature has focused on the starch concentration
of feed samples, while limited information is avail-
able on sugar content.This study showed that sugars
constitute an important part of carbohydrates in the
fruits samples. As known, carbohydrates are especial-
ly starch and fiber as primary nutrition components
that contribute up to 70% of the diets, used to dairy
cows and beef steers (Allen 1996). Also, sugars may
be good alternative energy sources for any adverse ef-
fect on rumen fermentation and animal performance.
Generally, sugars are known as water-soluble carbo-
hydrates that are readily available in the rumen, and
consist of disaccharides, such as sucrose, lactose, and
maltose, and monosaccharaides, such as glucose, ga-
lactose, and fructose (Oba 2011). Thus, feeding sugar
or when sugar replaced dietary starch, improves ru-
men degradable protein utilization (Broderick 2008)
dry matter intake and milk fat content. The fruits
waste (grape, fig, carrot), potato, and by-products (cit-
rus pulp) having high sugars, starch, and pectin con-
tent, could form a significant part of ruminant ration
as energy resource on dry matter basis.

Based on the structural carbohydrate contents such
as NDF, ADF, and CF contents of the by-products and

other research samples, were significantly different
from each other. Waste fruits and vegetable had low
NDF, ADF, and CF contents, because these samples
were composed primarily of simple or water-soluble
sugar or pectin (Wadhwa et al. 2015). This funding
agrees with previously reported research that by-prod-
uct samples characterized by comparable fiber (Kajika-
wa 1995; NRC 2001; INRA 2004; Wadhwa et al. 2015;
Filleau et al. 2018). Fiber is the main carbohydrate
fraction of ruminant rations and is necessary to pro-
vide adequate amounts of complex carbohydrates to
slow digestibility and control the acidity in the rumen
for healthy rumen fermentation. Because dairy or beef
steers require fibrous feedstuffs in the diet, the ADF
and NDF content of the feeds are important fiber frac-
tions that need to be carefully considered in balancing
the ration formulation (Varga et al. 1998). Utilizing this
kind of waste fruits, vegetables, and by-products for
ruminant feeding, ADF and NDF contents should be
carefully considered in ration making. Cornstalk and
rice hull can be used as straw because of nutrition con-
tents are similar to other cereal residues such as straw.

Considering DMD and OMD values of the re-
search samples have shown considerable variation.
The potato, citrus pulp, carrot, and fig had higher di-
gestion values than the other samples. These results
compare with previously reported by Azevédo et al.
(2012) and Wadhwa et al. (2015) that fruit waste and
vegetables are highly digestible depending on the ori-
gin or the mixture used in their preparation. Also, the
small variations observed between research and low-
er digestion rate (DMD and OMD) for the rice hull,
grape stalk, and grape pomade which are thought to
be due to nutrition composition, especially structural
carbohydrate contents (both NDF and ADF) and non-
structural carbohydrate level Wadhwa et al. (2015).
So, both the high NDF-ADF and the low nonstruc-
tural carbohydrate content significant decrease in the
DMD and OMD values of these samples may be in-
terpreted as structural carbohydrate negatively affects
the digestion of the feeds comparing with ruminant.
On the other hand, fruits and vegetables having high-
er DMD and OMD values may be seen as related to
having high nonstructural carbohydrate fractions.In
the study, the reason why rice husk has the lowest
DMD and OMD may be thought to be due to its high
ash concentration, and this situation also supports the
high negative correlation between ash content and di-
gestibility. Also, there may be thought that the DMD
and OMD digestibility of the samples had a negative
strong correlation with their structural carbohydrate
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content (NDF and ADF or CF), and a strong positive
correlation with their non-structural carbohydrate con-
tent (NFE and NSC).Although soybean has low NSC
and high NDF content, its DM and OM digestibility
is high. This may be explained by the fact that most
of the structural carbohydrate content of the soybean
hull consists of highly digestible pectin. Regarding
the digestibility results of soybean hull (DMD 81.1%
and OMD 79.1%) in this study confirm the mentioned
by Bach et al. (1999) that because of high NDF di-
gestibility of soybean hull can be used as a substitute
for cereal bran in the concentrated feed fraction of the
ration. Taken together, the nutrition composition and
energy contents (ME_ and ME ) of the by-product
feeds, fruits, vegetable, and crop residue were in line
with the literature which declared that the content and
amount of structural carbohydrates and also the type
of non-fiber carbohydrate contents of a feed highly
affectits digestibility (McDonald et al. 2012).

Data for concentrations of ME and have indicat-
ed that potato, rice bran, and fruits ( carrot, fig, and
grape) samples contained more ME_ and ME_,, than
others, which may be a result of the high concentra-
tion of starch, sugar, and oil; and also low content fi-
ber fractions in the by-product (NRC 2001; Wadhwa
et al. 2015; Liu et al. 2018).The metabolizable energy
values obtained by the calculation systems based on
the chemical composition of feeds cannot accurately
determine the true energy values, so an in vitro energy
assessment was performed enzymatically and the ex-
periment samples were similar or even slightly higher
than the energy values found by the calculation.ME
and ME_,, values are consistent with the results of
NRC 2001, INRA 2004, and McDonald et al. 2012.
As a study result, the rice bran, potato, fig, grape, and
carrot had higher energy levels both of them (ME_
and ME_, ) as concentrated feeds on a dry matter ba-
sis. Interestingly, the grape pomace and grape stalk
were seen haveto low DMD and OMD digestibility,
but relatively higher energy values (both ME_ and
ME_, ) compared to other samples.This situation
can be explained as follows; because of the correla-
tion between the energy values and nutrient contents
of feeds, energy values of the samples decrease as
the cellulosic or fibrous contents (NDF) increase;
non-structural carbohydrate content (sugar or starch)
increases as they rise (Weiss 1993). Also, Nicolini et
al. (1993) decelerated that winery waste such as grape
pomace and grape stalks, as a result of a decrease in
lignin through the fungal treatment, the cellulose is
better accessible to rumen micro flora and its DM di-

gestibility is similar to forages.

The Ca concentrations of the research samples
were observed a little variation in this study, and were
similar to previously reported values (Macgregor
2000; NRC 2001; INRA 2004; Wadhwa et al. 2015).
The citrus pulp and grape stalks had the highest Ca
content than other samples. The contents of P in the
by-product feeds, fruits, vegetable and crop residue
observed in this study were within the range of pre-
viously published values (Macgregor 2000; INRA
2004; Wadhwa et al. 2015). Except for the rice bran
and the potato, which contains an insufficient amount
(1.4 and 1.9 g respectively) of Ca, all other research
samples contained a higherquantity of Ca than the
advisedrange for ruminants (0.40-0.80%, NRC 2001;
0.22-0.44%, NRC 1985). Contrary, in the study, the
fruits (grapeand fig), by-products (soybean hull, apple
pomace, citrus pulp, corn stalks, grape stalks, and rice
hull) contained lower levels of P than recommended
for dairy cattle (<0.22%, NRC 2001), while the re-
mainder only had sufficient amount of P, exceptrice
bran and cotton seed (6.6 and 4.6 g respectively). The
dietary Caand P mineral metabolism in ruminant nu-
trition is closely related to each other. Their absorp-
tion and utilization in the animal body depend on the
relative proportion (general calcium to phosphorus
ratio, 2:1in diet) of the two minerals in the ration.
Also, the Ca to P ratio on the absorption of calcium
and phosphorus is a wide ratio that is not critical (un-
less Ca:P ratio of >7:1 or < 1:1). Because this is con-
sidered acceptable in dairy cattle ration (NRC 2001).
In the present study, the calcium to phosphorus ratio
in all research samples wasenough large, except for
potato, rice bran, and cottonseed. Thus, the concen-
trations of K, Mg, and Na relating to samples in the
research were in line with the literature decelerated
by Arosemena et al. 1995; NRC (2001), and INRA
(2004). The corn stalks, citrus pulp, potato, rice bran,
apple pomace, cottonseed, and grape pomace were
deficient in Na (<0.16%, NRC 2001). In the research,
the by-product feeds, fruits, vegetable, and crop res-
idue samples contained a high amount of K, except
the rice hull and the apple pomace, which were ad-
equate to reference (<0.38%, NRC 2001) in K. Be-
sides, in ruminants fed rations with high roughage
content, this mineral deficiency is not observed, since
the roughages contain high levels of potassium. In the
research, because the potato, corn stalks and some
b-products feeds (cottonseed, apple pomace, citrus
pulp, and grape pomace) had a high Ca:P ratio and
the lower content of Na; ruminants eating a relatively
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large amount of these feeds would need to supply ad-
ditional P and Na resources to deal with their possible
deficiencies. The Mg concentrations of all study sam-
ples contained adequate or high quantity of Mg which
from the minimum requirement level for dairy cattle
by (<0.03%, NRC 2001).

The concentration of the Fe, Cu, Mn, and Zn in-
vestigated as micro minerals for samples in this study
were close or similar to what is expected in the pre-
vious literature byNRC (2001), INRA (2004), and
Soni et al. (2014). Among the micro mineral contents
of research samples, the contents of Cu wasenough
high (<11 mg, NRC 2001) in all study samples. The
Zn mean values of the experiment samples in the tri-
al are quite lowreferred to (<40 mg, NRC 2001). All
experiment samples contained greater amounts of Fe
concentration (>50 mg) than required for ruminants.
Similarly, research samples had higher quantities of
Mn (>40 mg, NRC 2001), apart fromthe whole cot-
tonseed. These results show that all the by-product
feeds, fruits, vegetables, and crop residue samples
were rich in many macro-micro minerals.Overall,
these by-products, fruits, vegetables, or crop residue
to supply to ruminant ration adequate amount of a lot
of minerals, except Mg, Fe, Cu, Mn. In general, tak-
ing into account the biological functions of minerals
such as animal health, reproduction, and growth, ra-
tions should be supplemented with deficient minerals
to avoid loss of production.

CONCLUSION
The increasing global food and feed require finding

alternative energy sources, which has led to research-
es in the field of non-conventional feed materials as
by-product feeds, waste fruits-vegetables, and crop
residues. Therefore, based on this research results
regarding the nutrition composition of some waste
foods and by-product feed indicates that (i) the waste
fruits, vegetable and by-products have valuable sug-
ar (grape, fig, and carrot), starch (potato, rice bran),
pectin (citrus and pulp) and oil (cottonseed) content
that are the main compounds making them high en-
ergetic feeds; (ii) a significant portion of the research
samples, especially fruits and vegetables, showed at
least as much or higher DMD-OMD digestibility and
metabolizable energy than roughages; (iii) a result
showed that most of these research materials have
an enough or much more macro and micro mineral
concentrations for ruminant; (iv) using such waste
fruit-vegetables or by-product sources as feed helps
to reduce waste and minimize the adverse effect on
the environment and their use will also decrease food-
feed competition; (v) also using these feed sources in
ruminant ration will raise the economic profitability
and sustainability of the animal production.
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Table 1. Nutritional composition of the by-products feeds, waste fruits-vegetable and crop residue (g kg, in DM)

DM Ash OM EE CP CF NFE NSC NDF ADF Starch Sugar
Apple Pomace 2208 241 975 46.0° 80.5% 315.8° 533.0¢ 259.7° 589.1¢¢ 449.2¢ 22.3¢  58.8¢
Carrot 117 79 920" 10.6%" 823" 923k 7347 683.2> 143.8" 135.9" - 235.0°
Citrus Pulp 214" 44" 955 14.7¢ 929" 137.6" 710.5° 644.0° 204.2" 174.5" 91.4¢ 220.6°
Corn Stalk 935° 54 9450 8.1 61.2" 352.1¢ 523.8¢ 109.88 766.0° 494.0° - 25.3¢
Fig 8504 370 962° 3557 66.1' 76.6¢ 783.9* 731.0° 129.6 109.5 - 235.1#
Grape 858¢ 699 9302 12.18" 75.6k 94.41 7T748.2> 575.6¢ 267.0¢8 227.0° - 201.1¢
Grape Pomace 491¢ 550 944¢  757¢ 142.5¢ 281.4" 44517 118.8¢8 607.7° 550.0> 12.7¢" 49.1°
Grape Stalk 203f 744 9252 242 10438 25232 544.6¢ 218.5F 578.3¢ 545.6° 25.7% 20.3%
Potato 205 61c 938" 331 131.6° 19.4' 783.9% 660.3° 143.00 22.10 642.0° 31.1f
Rice Bran 912¢ 88" 911" 159.8> 154.5¢ 120.31 476.6° 249.2¢ 347.7f 143.3" 279.8° 61.1¢
Rice Hull 926 193* 806! 5.3h 39.00 506.2* 255.3" 162" 7454% 645.3% 12.7¢ 5.9
Soybean Hull 919"  46¢" 953 152¢ 125.0f 411.7° 401.58 117.3¢ 696.0° 538.4> 61.7¢ 222
Tomato Pomace 222¢h  54F  945¢  84.5¢ 196.3° 454.2° 206.41 563" 608.0° 549.3° 26.6f 17.2"
Whole Cotton Seed 929  49%  950% 177.7*° 219.6* 320.5° 224.9" 32.1" 520.8° 447.7¢ 17.5% 19.7"
SEM 31 3 4 5 4 14 18 25 21 19 16 8
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

*kDifferent superscripts indicate differences among the group means in the same row at p<0.05
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Table 2. Mineral content of the by-products feeds, waste fruits-vegetable and crop residue

Ca! P! Na! K Mg? Fe? Cu? Mn? /n?
Apple Pomace 5.5& 1.6" 0.8f 8.68 1.28 257¢ 57% 49¢ 10.7¢
Carrot 6.4¢ 2.3¢ 5.32 24.9° WAL 1631 66% 51t 24 4abe
Citrus Pulp 17.32 1.2f 0.5° 12.5° 1.4¢ 175 62°f 71 defe 8.8f
Corn Stalk 6.5¢ 1.1 0.5° 12.4f 2.5¢ 619° 54¢ 57" 9.1f
Fig 7.9¢ 1.19 3.3¢ 14.3¢ 1.6% 141" 57¢ 66°t 20.8bd
Grape 13.1¢ 1.8¢ 4.5° 21.0° 5.9° 372¢ 75° 8 ede 19.7¢
Grape Pomace 10.7¢ 2.1 1.4¢ 17.7¢ 1.9% 234def 710 55t 13.4¢f
Grape Stalk 15.9° 2.0% 4.6 21.3° 2.9¢ 2419t 72b¢ 133q 252
Potato 1.9¢ 2.5¢ 0.6 22.1° 1.6% 2774 59% 507 16.6%
Rice Bran 1.4 6.6 0.6 1484 8.4 21 24defeh 56¢ 115%® 23, ]abe
Rice Hull 5.3¢h 0.4~ 2.6¢ 6.9 1.2¢ 2224t 66% 91 26.1°
Soybean Hull 14.6° 1.2f 3.2¢ 16.1¢ 3.64 509° 69¢d 720t 19.7¢
Tomato Pomace 8.0f 4.0° 4.4° 17.5¢ 5.8 253de 80° 99be 19.6%
Whole Cotton Seed 4.7 4.6 0.9° 148 4.7¢ 152 67¢ 15t 16.6%
SEM 0.4 0.1 0.2 0.4 0.2 14 0.8 3 0.6
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

*kDifferent superscripts indicate differences among the group means in the same row at p<0.05
'g kg, in dry matter
’mg kg, in dry matter

Table 3. Dry and organic matter digestibility and metabolic energy content of the by-products feeds, waste fruits-vegetable and crop
residue

DMD% OMDY% ME__ keal' ME,_, kcal'

Apple Pomace 75.7¢ 73.94 2104¢ 2391f
Carrot 94 23 92.3% 2702¢d 3072t
Citrus Pulp 96.0° 95.5° 26544 3112%
Corn Stalk 44 68 37.5" 1755" 1858"
Fig 92.3b 91.3® 2983P 3134°
Grape 74.24 67.3¢° 2729¢ 28724
Grape Pomace 38.1° 26.11 2275¢ 2543¢
Grape Stalk 43 1¢ 25.9 2131¢ 1857
Potato 95.8° 95.7* 3052° 2995¢
Rice Bran 74.94 68.5¢ 3118 33102
Rice Hull 10.3 22.8t 6401 723

Soybean Hull 81.1¢ 79.1¢ 1556 2171¢
Tomato Pomace 66.2° 59.0f 1647 1296
Whole Cotton Seed 58.5¢ 50.9¢ 2532¢ 27594
SEM 2.3 2.4 64 30

P <0.05 <0.05 <0.05 <0.05

*iDifferent superscripts indicate differences among the group means in the same row at p<0.05
I:kcalkg-!, in dry matter
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