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Abstract. In this study, the proximate, physico-chemical and fatty acid analysis were carried out to evaluate
the quality of animal feeds (compound and seed cake) commercially available in Sindh, Pakistan. The
proximate composition of feed was found as follows: moisture (5.0-12%), ash (0.5-3.2%), crude protein
(9.19-2.47%), fibre (49.8-72.81%), carbohydrate (34.03-67.79%), energy value (1392.05-1679.23 KJ/mol)
and oil content (0.8-10.5%). Official AOCS methods were used to evaluate the quality of animal feed oil.
Higher free fatty acids (2.5-59%) and peroxide value (0.4-12 meq/Kg) were determined in feed oil. The
fatty acid analysis revealed that saturated and unsaturated fatty acids in animal feed oil were found in the
range of 2.44 to 57.12% and 3.5 to 40.97%, respectively. Comparatively, compound animal feed showed
better quality characteristics than seed cake. The proximate and chemical analysis of animal feed showed
that oil present in animal feed supports good quality except for peroxide value and free fatty acid, whereas

proximate composition still needs improvement.
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Introduction

The animal feed provides nutrients to animals and may
be part of the plant or any other source. It contains
important nutrients such as minerals, vitamins, fat,
proteins, carbohydrates and water absorbed by the body
of animals. The industry related to the feed is one of
the main viable businesses in the agricultural sectors.
The American Feed Industry Association reported that
$20 billion worth of feed ingredients are purchased
each year (Varma et al., 2018). For animals, feed grains
play an important role in global animal feeds. Animal
feeds are classified as fodder and forage. Still, fodder
is further classified as concentrates and roughages
(crops, silage, dry forage, fresh-cut forage, straw and
root) are examples of roughages, whereas grains,
legumes and by-products of processing are called
concentrates. The animals consumed plants directly,
such as crop residue pasture and immature cereal crops
which is called forage. The forages are commonly found
in a major portion of the animal feeds in our country
(Kaithwas et al., 2020) and used for animal feed as
straw, husk, stover are very poor in nutrition. These
usually fulfill only the hunger of the animals (Manoj
et al., 2020). The food given to animals comprises one
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or more mixed materials known as animal feed (Danieli
et al., 2019). Many types of ingredients used for the
preparation of feed contain one or more nutrients.

Mixed feeds are also produced from different feed
materials combined to achieve a particular nutritional
quality called mash or pellets (Danieli ef al., 2019).
Feed compounders manufacture the compound feed as
pellets, meal-type or crumbles (Sullivan and Bernard,
2004). The compound feed can be sold as premixes
containing minerals, antibiotics, vitamins, preservatives
and other necessary components for mixing commercial
rations (Konar ef al., 2019). Animal feeds are important
for both feeds manufacturers and animal producers and
policymakers, regulators, processors and consumers of
the end-products. This is because animal feed is an
essential component of the food supply chain, ensuring
the effective and profitable processing of high quality,
nutritious food. As a result, the feed protection is
important for food safety. Stakeholders involved in
providing nutritious foods must be vigilant about the
quality of animal feeds. Research evidence shows the
risks that may increase with the consumption of
contaminated feeds. Several spates traceable to animal
feeds in different countries have made the demands for
safe animal feed even more serious in recent times
worldwide (Kabeer et al., 2021). It isn’t easy to control
the safety levels of concentration and acceptance of



living organisms and animals (Kamal et al., 2020). The
present study aimed to determine the proximate
composition and physico-chemical parameters of oil
and the fatty acid composition of commercially available
animal feeds in the local market and villages.

Materials and Methods

Chemicals and reagents. In the present study, all the
reagents and chemicals were used by E-Merck
(Darmstadt, Germany), such as potassium hydroxide,
sodium hydroxide, n-hexane, sodium-thiosulphate,
potassium iodide, hydrochloric acid, methyl alcohol,
carbon tetrachloride, anhydrous sodium sulphate, ethyl
alcohol, sulphuric acid, nitric acid, phenolphthalein,
pure iodine and starch.

Sample collection. A total of ten animal feeds samples
(triplicate) were collected from local villages and
Jacobabad city, Sindh, Pakistan. Feed samples were
coded for local villages as sunflower seed cake (SFSC),
cottonseed cake (CSC), linseed seed cake (LSC),
rapeseed cake (RSC) and mustard seed cake (MSC). In
contrast, samples collected from the city were coded
as mixed feed (MF), L.S. Minerals (LSM), newtramn
(NT), white gold (WG) and high milker (HM).

Moisture content. The moisture content of the animal
feed was quantified by applying the official method as
reported by (Laghari ef al., 2018). Approximately 10
g of animal feed was taken in the Petri dish and kept in
an oven (Memmerts Schwabach, Germany) at 105 °C
for 180 min.

Oil extraction. Oil from animal feeds was extracted as
reported earlier by (Laghari ef al., 2018) using hexane
as a solvent. Around 10 g of animal feeds were put into
a cellulose thimble and placed inside the extractor then
300 mL of hexane was added to the round bottom flask.
The temperature was set at 70 °C and the process
continued for about 4 h. After complete extraction, the
solvent was evapourated by using a rotary evaporator.
The extracted oil was kept in the refrigerator at 4 °C
for further analysis.

Ash content. For ash content, approximately 2 g of
animal feeds were ignited in a muffle furnace (Fenwal
550 single point) at 600£15 °C for 2 h, as reported by
(Laghari et al., 2018).

Protein content. For the determination of total protein
content in animal feeds, the Kjeldahl method was used
as described earlier (Laghari ef al., 2018).

Niaz Ali Malghani ez al.

Fiber content. The fiber content of the animal feed
was determined by decomposing fatty substances with
dilute base, whereas dilute acid for starch and protein.
Following filtering, the residual material was burned
at 600 °C in the muftle furnace for 3 h, as described by
(Laghari et al., 2018).

Carbohydrate content. Carbohydrate content in
animal feed was determined by calculating the
difference between total percentage and sum of
mean values of moisture, ash, oil and protein and
carbohydrate = [100 — (moisture + protein + ash + oil
content)].

Dry matter. The part of animal feed which is free from
water is known as dry matter. The following formula
calculated the percent dry matter: DM = 100% -
moisture% (Khoddami ez al., 2014).

Energy value. The energy value of feeds was counted
in megajoules and determined by applying the relevant
factors of fat, protein and carbohydrate 37.7%, 16.7%
and 16.7%, correspondingly Laghari ef al. (2018).

Nitrogen free extract. Nitrogen-free extract in animal
feed samples was determined according to the following
formula reported earlier (Laghari ef al., 2018).

NFE% = 100 — (ash% =+ crude protein% + crude fiber%
+ free fatty acid% + moisture contents%).

Todine value (IV). The iodine value of animal feed oil
was determined using the standard AOCS method (2013)
Cd 1-25. Briefly, 1 g oil was taken in the 250 mL of
conical flask and added 10 mL of CCl, and 25 mL of
Wijis solution and kept in the dark for 30 min. After
that, 10% of KI and 100 mL of deionized water added
in to the solution. At the end, the mixture was titrated
with sodium thiosulphate Na,S,0O, solution (0.1 N) by
using starch as an indicator. Similarly, the blank test
carried out by the same procedure in the absence of oil.
The following formula used for the calculation of the
V.

IV (gl,/ 100 g) = [ {(Blank reading - sample reading)mL
x N of sodium thiosulphate x 12.69} / weight of sample

(€9)

Peroxide value (PV). The standard official AOCS
method (2013) Cd 8-53 used to measure the PV. About
2 g of animal feed oil was kept in a 250 mL conical
flask containing a mixture of chloroform: glacial
acetic acid (v/v) in the ratio of 2:3. The flask’s content
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was titrated with a standardized solution of sodium
thiosulphate 0.1 N using a 1% starch solution as an
indicator. The PV of animal feed oil was calculated
using the following formula.

PV (meq/Kg of oil) = [{(blank reading — sample
reading)mL x N of sodium thiosulphate} / weight of
sample (g)]

Saponification value (SV). The standard AOCS official
method (2013), Cd 3-25 was applied to estimate the
SV. About 2 g of animal feed oil was put into a round
bottom flask and refluxed for 1 h in the presence of
25 mL of ethanolic potassium hydroxides. The titration
was accomplished with a standard solution of 0.5 M
hydrochloric acid in the presence of a phenolphthalein
indicator. The SV was measured by using the following
formula.

SV (mg of KOH/g of oil) = [ {(blank reading — sample
reading)mL x 56.1}/weight of sample (g)]

Free fatty acid (FFA). The quantity of FFA in animal
feed oil was determined by the AOCS (2013) Aa
method 6-38. Approximately | g of animal feed oil was
placed in a 250 mL conical flask and added 20 mL hot
ethanol. The content of the flask was titrated against
sodium hydroxide solution 0.1 N in the presence of a
phenolphthalein indicator. FFA value of animal feed oil
was measured by applying the following formula.

FFA% = [{(28.2 x mL x (NaOH) x N(NaOH)}/weight
of sample (g)]

Fatty acid composition. Fatty acid methyl esters of
animal feed oil were prepared according to the official
method 2.302 (IUPAC, 1979). Agilent 6890 N gas
chromatograph (Agilent technologies, little fall, NY,
USA) coupled with Agilent MS-5975 detector was used
to separate, identify and quantify fatty acids. Instrumental
parameters of GC-MS are as follows: HP-5MS column
(5% phenyl methyl siloxane) with 30 m x 0.25 mm ID
x 0.25 pm film thickness, starting oven temperature
was 150 °C and holding time 2 min, final temperature
230 °C, ramp rate 4 °C/min, helium as the carrier gas
with 0.8 mL/min flow rate, injector temperature 240
°C, detector temperature 260 °C, 1 uL sample inserted
as a split mode with a ratio 50:1. The detected fatty
acids in animal feed oil were compared with those
available in the NIST and Wily libraries.

FT-IR Spectroscopy. Infrared spectra of animal feed
oil were recorded using FTIR (Thermo Nicolet IS10).
The instrument was controlled with OMINIC software,
and the other parameters used for the characterization
are spectral range (4000-650 cm™), resolution (4 cm™),
scan (32), sampling accessory (SB-ATR), crystal
(diamond) and detector (DTGS).

Calculation and statistical analysis. The data obtained
from different parameters were put into the Minitab16
USA software and analyzed by analysis of variance
(ANOVA) followed by the Tukey test P<0.05
(probability value).

Results and Discussion

Proximate analyses. The composition of feed contains
added minerals and vitamins, which are necessary for
the performance of animals. The quantity supplied to
animals should be available in the right proportions as
deficiency or excess in these essential constituents may
lead to diseases and intoxication in the organisms (Jonge
and Jackson, 2013). So, that proximate analysis of
animal feeds must be done using the different parameters.
Table 1 shows the proximate analysis of the animal
feed.

Moisture content. In this study, high moisture content
was found in WG 12+0.21, but a low amount was
present in the CSC 5.8+0.12. The moisture content of
CSC 5.840.12 was low compared with a reported value
of 7.0-11.0% (Robbins and Firman, 2006). The CSC
contains very high dry matter, which is advantageous
because it reduces microbial activities and saves from
oxidation reactions. Compared to CSC, the WG sample
showed lower dry matter and had low quality.

Oil content. The amount of oil in feeds increases energy
and growth rates and increases feed efficiency (Robbins
and Firman, 2006). Fat is very important in the diet as
it promotes the absorption of fat soluble vitamins and
provides high energy nutrients. The oil content results
show a high amount was analyzed in HM 88+1.0 but
a lower amount was found in SFSC 0.8+0.03%.

Ash value. Ash contents play an essential role in
promoting the balanced growth of animals. It has been
reported that high ash contents increase with the degree
of maturity of plants (Ahmed et al., 2013). The ash
indicates high inorganic matter that could be retained
in the body. In the present study, high ash was found
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parameters

7.6+£0.20 ¢
88+1.0a

10£1.0b 12+1.01 a

11.1+0.10 ab
6.0+£0.21d

5.0+1.0d

10.3£0.16 b
10.5£0.01 b
1.0£0.24 cd
18.3£0.20 ¢
59.8+0.02 f

10.57+0.41 ab
5.93+0.02d
3.240.1a

10.24+0.15b
72+02 ¢

6.5£0.10cd  5.8£0.12d

MC (%)
0C (%)
AV (%)
PC (%)
FC (%)
CC (%)
DM (%)

1.7940.015 gf
3.120.10

1.77£0.01 gf
2.0+0.12 b

1.97+0.015 f
0.5+0.2 ¢

3.23+£00.1 ¢

0.8+0.03 g
21202 b

1.1£0.1 cd

0.9+0.43 de

1.3£0.1 ¢

1.0£0.06 cde
18.4+0.2 ¢

52.4+0.2 a

11.840.1 g
61.3+0.01 d

67.8£0.03 a
88+1.0¢c

24.5+0.1d

9.19+£0.02 h
72.840.1 a

34.54+0.5 b
57.940.44 g

30.1£0.1 ¢

17.8£0.11

30.240.1 ¢

71.3£0.02 b
34.0+1.0 h

61.7+0.1d

71.59+0.2 b 63.5£0.1 h 49.8+0.1 f

60.57+0.41 ¢
48.1+0.2 f

57.7£0.6 ¢
90£1.0 ¢

67.71£0.2 a
88.9+0.4 ¢

54.59+0.02 d
95+2.0 a

58.51+£0.01 ¢
87.8£0.2 ¢

63.19+0.01b  52.26+0.4e 39.840.65¢g
89.1£0.1 ¢

94.5+0.2 ab
144+1.0 1

92.5£0.1 b

89.8+0.1 ¢

93.5+0.1 ab
13.740.1 j

1392+1.0 H 1679+0.8 a 1562+0.23 b 1510+0.12d 1489+0.18 ¢ 1480+0.28 1548+1.13 ¢

144242.0 ¢

EC(KJ/Kg)

WG and High Milker=HM

LSM; Newtramn=NT; White gold

MSC; Mixed feed=MF; L.S. Minerals

RSC; Mustard seed cake

Rapeseed cake
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at 3.120.10% in WG among all analyzed feed samples,
while a lower amount of ash was found in MSC at
1.0£0.24%. The highest amount of ash shows the high
value of metals in the animal feed, which may increase
the value of nutrients in animal feed and increase the
quality of animal feed. According to the previous study
(Manoj et al., 2020), a high value of ash content was
reported in feeds in the range of 9 to 13%. The higher
values of ash content may also cause the harmful effects
on the health of animals.

Protein content. A low amount of protein in animal
feeds reduces the flavour of feeds, so the animals
consume a low amount of feed and do not grow properly.
These types of feed are not suitable for livestock
development. The healthy development of livestock
and animal feed is significantly essential, which contain
a high amount of proteins (Ahmed ef al., 2013). Animals
are healthier in the season when animal feed is rich in
protein contents. The health of animals may be decreased
when the animal feed has a low amount of protein
because the high amount of protein provides a high
amount of amino acids to both animals and men
(Sullivan et al., 2004). The protein content results
indicated that a high amount of protein was found in
HM 52.440.2. On the other hand, a lower protein
content, 17.8+0.11%, was observed in the LSC sample.
The highest amount of protein shows the high value of
nitrogen which may increase the value of protein and
nutrients in animal feeds and improve the quality of
animals.

Fiber content. (Williams e? al., 2001) reported that
water soluble fiber might cause a high viscosity and
could help explain the effects for pelleting characteristics
of animal feed. It has also been reported that dry fiber
in animal feed has much importance for animals (Molist
et al., 2014; Mateos et al., 2006). A high amount of
fiber is essential for dietary nutrition, increasing intestinal
digestion and reducing the risk of constipation, cancer
and colon diseases (Arisa ef al., 2017). The high fiber
content was found 72.8+0.1 in LSM. In contrast, a low
amount of fiber 49.8+0.1% was observed in the RSC
sample.

Carbohydrate content. Carbohydrate provides energy
to animals through feed components. It is composed of
carbon, oxygen and hydrogen. In animal feeds, it should
be about 75%. Animal’s body remains warm due to
carbohydrates that produce heat and the daily diet
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required for the animals (Poorkasegaran and Yansari,
2014). In this study, higher carbohydrate was observed
67.8£0.03% in WG, while a lower carbohydrate was
present in the RSC sample 39.8+0.65%.

Dry matter. The remaining part of any substance
without water is known as dry matter. In the present
study, the dry matter was found in the range of 87.8 to
94.5. A high and low amount of dry matter was observed
in WG and CSC samples, respectively.

Iodine value. The iodine value shows the degree of un-
saturation within the molecules of oil and fats. In the
present study, the iodine value in animal feed oil was
determined by using the Wijis method. The highest
iodine value was found at 111£1.0 gI,/100 g in the RSC
sample and the lowest was found in the LSM sample
87.810.06 gI,/100 g. The higher iodine value shows
the higher level of un-saturation which may increase
the value of animal feed.

Peroxide value. The peroxide value is used to measure
the peroxides formed in animal feed oil due to oxidation
(Babalola and Apata, 2011). In animal feed oil, the
peroxide value was found in the range of 0.4 to 12
meq/Kg. A lower peroxide value was observed in SFSC
and a higher value in the MF sample.

Saponification value. Saponification value represents
the number of mg of potassium hydroxide required to
saponify 1 g oil. It indicates the number of carbons in
the fatty acids which are present in animal feed oil.
Those fatty acids with many carbons have low
saponification value because they have smaller
carboxylic functional groups per unit mass than short
chain fatty acids. The highest saponification value was
found 245+1.9 mg KOH/g in the CSC sample, while
the lower value was found 177£2.1 mg KOH/g in the
NT sample.

11

Free fatty acid. The essential quality parameter of oil
is the free fatty acid value produced due to oil hydrolysis
(Khoddami et al., 2014). After processing, some oils
have been reported to contain minimal amounts of FFA
but can be increased due to the long storage (Babalola
and Apata, 2011). Among the analyzed samples,
comparatively, a lower quantity of FFA was found in
the LSM sample 11£2.0%. In contrast, the highest
amount of FFA was found at 5942.1 in the MSC sample
(Table 2).

Fatty acid composition of animal feed oil. To check
the fatty acid composition in animal feed oil, first
prepared fatty acid methyl esters and then quantified
fatty acid composition by GC-MS. The results of total
saturated fatty acids are shown in Table 3A. Saturated
fatty acids in animal feed oil were found in the range
of 11.26-89.88%. Among the detected saturated fatty
acids, the higher percentage of octadecanoic acid (C18:0)
57.1240.1% was found in NT sample, whereas a lower
percentage of pentadecanoic acid (C15:0) 1.84+0.02%
was found in the RSC sample. The results of un-saturated
fatty acids are shown in Table 3B. The total un-saturated
fatty acids in animal feed oil were found in the range
of 10.14-88.74%. Among the detected un-saturated fatty
acids in feed oil samples, the higher percentage of
octadecenoic acid (C 18:1) 66.59+0.06% was found in
the RSC sample and a lower percentage of docosenoic
acid (C 22:1) 0.79£0.2% was found in the HM sample.

FTIR characterization of feed oil. The extracted feed
oil samples were further analyzed by FTIR spectroscopic
method with an SB-ATR accessory. The animal feed
oil was characterized in terms of band intensity
(frequency) of different functional groups by FTIR and
the results are shown in Table 4A and 4B, respectively.
It was observed that the intensity of different functional
groups varied among different samples, which clearly
shows the diverse nature of feed ingredients.

parameters
IV (gl,/100 g) 85+0.02 cd 65.1£0.1 f 87.840.06c 111£1.0a 11242.0a 87+0.5¢ 77.9+02¢e 82.1+0.1d 93+1.0b 88+l.1¢c
PV (meq/Kg) 0.4+0.1e 4+1.0d  8.0+1.9abcd 8.1+2.0 abcd 9+1.0 abc 12+2.0a 9+l1.0abc 11£1.0ab 5+2.0cd 7+2.2bcd

SV (mg KOH/g) 238+1.0b 245+1.9a 207+1.2d
13£12ef 242.0b

196£1.0 ¢
10+1.3 f

203+£2.1d 206+£2.3d 19242.0e 177+£2.1f 179+1.53 f221+1.3 ¢
59+1.0 a

35£2.0c 1120 f 26+2.0d 24+1.0d

Cottonseed cake=CSC; Linseed seed cake=LSC; Rapeseed cake=RSC; Mustard seed cake=MSC; Mixed feed=MF; L.S.
Minerals=LSM; Newtramn=NT; White gold=WG; High Milker=HM
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!requency icm | ! |niensjy

SFSC CSC LSC RSC MSC Observation
3007 0.0225 0.0237 0.0313 0.0246 0.0348 C-H stretching vibration of the cis-double
bond (=CH)
2922 0.196 0.202 0.194 0.186 0.196 CH, Asymmetrical stretching
2855 0.135 0.141 0.136 0.128 0.139 CH, Symmetrical stretching
1744 0.157 0.157 0.0755 0.178 0.0681 C=0 stretching (ester)
1708 0.075 0.071 0.200 0.0658 0.208 C=0 stretching (acid)
1650 0.0094 0.0094 - 0.0121 0.0093 c=C
1455 0.0670 0.067 0.0708 0.0674 0.0710 CH, Scissors
1366 0.0347 0.0347 0.0394 0.0423 0.0364 Bending vibration of CH2 groups
1235 0.0558 0.05 0.0657 0.0661 0.0631 Vibrations of the C-O ester groups
1160 0.110 0110 0.0700 0.127 0.0652
1118 - 0.0589 0.0443 0.0729 0.0391
1089 0.0651 0.0651 - 0.0750 0.0376
944 0.025 0.0258 0.049 0.0313 0.0496 CH=CH (cis) bending out of plane
846 - - 0.0247 0.0219 0.0293 =CH, Wagging
719 0.0830 0.030 0.0790 0.084 0.0846 Overlapping of the CH, rocking

vibration and the out-of-plane

Viiratiin ﬁf cis—iiiutl)ititutei iliﬁni
F |

requency (cm™) Intensity Observation
MF L.SM NT WG HM
3007 0.0245 0.0235 0.0255 0.0277 0.02767  C-H stretching vibration of the cis double
bond (=CH)

2922 0.229 0.194 0.193 0.196 0.196 CH, Asymmetrical stretching
2855 0.166 0.134 0.135 0.137 0.136 CH, Symmetrical stretching
1744 0.0989 0.169 0.148 0.124 0.135 C=0 stretching (ester)
1708 0.159 0.0635 0.0958 0.128 0.112 C=0 stretching (acid)
1366 0.0533 0.0378 0.0373 0.0369 0.0369 Bending vibration of CH, groups
1235 0.0813 0.0598 0.0601 0.0601 0.0595 Vibrations of the C-O ester groups
1160 0.0940 0.118 0.108 0.0954 0.101
1118 0.014 0.0643 0.0594 0.0534 0.0559
1089 0.0634 0.0694 0.0627 0.0558 0.0594
944 0.0620 0.0268 0.0306 0.0251 0.0324 CH=CH (cis) bending out of plane
846 0.0332 0.0147 0.0304 0.0229 0.0321 =CH, Wagging
719 0.0754 0.0807 0.0826 0.0816 0.08827  Overlapping of the CH, rocking vibration

and the out-of-plane vibration of cis-

Conclusion

The improvements in livestock productivity are
generally associated with improved biological effi-
ciency used for the animals. Determining nutrients
alone is insufficient to assess the quality of feeds used
for animal nutrition, determining the digestibility and
energy content is essentially vital. In this study, the

protein, carbohydrate and fiber content in compound
feed meet the minimum required range of nutrients
than seed cake. Among oil parameters, comparatively
less free fatty and iodine value except higher peroxide
value found in compound feed than seed cake which
support a good quality of oil present in the compound
feed.
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