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Abstract

A study was conducted to evaluate the effect of inclusion of moringa leaves at varying levels in
concentrate mixture on total phenols and antioxidant activity. The antioxidant capacity of moringa
(MOR) leaves and their inclusion in the concentrate mixtures at varying levels were evaluated in vitro.
The control concentrate mixture was prepared with maize grain, de-oiled rice bran, cotton seed cake and
soybean meal as major ingredients. The other 7 iso-nitrogenous (20% CP) concentrate mixtures were
prepared by partially replacing de-oiled rice bran and cotton seed cake with MOR at varying levels (5,
10, 15, 20, 25, 30 and 35%). The total phenolic content (TPC) gradually increased (p<0.01) from 3.87 to
19.30 mg of gallic acid equivalent (GAE) per g and from 4.13 to 21.36 mg of tannic acid equivalent
(TAE) per g with inclusion of MOR leaves from 0 to 35% in concentrate mixtures. The non-tannin
phenols (NTAP) and tannins (TA) increased (p<0.01) from 2.79 to 8.35 mg of TAE per g and 1.34 to
14.23 mg of tannins per g. Similarly, the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity (%) increased (p<0.01) from 0 to 30% (7.29 to 78.09) with inclusion of MOR leaves in
concentrate mixtures and the activity at 35% (79.50) inclusion was comparable with that of 30% (78.09).
The increase in TPC, NTAP, TA and DPPH activity in concentrate mixtures was due to higher content of
these components in MOR leaves.

Keywords: Moringa leaves, total phenolic content, tannins, non-tannin phenols, DPPH activity

Introduction

Moringa species are multipurpose trees from non-leguminous group. They are fast growing
trees of economic and industrial importance and a potential source of animal feed. India is the
largest producer of moringa with an annual production of 1.1 to 1.3 million tons of fruit pods
(Patel et al., 2010) '), Moringa oleifera foliage has been reported to be a potential cheap
source of protein for animal feeding (Sarwatt et al., 2004) 91, Kholif et al. (2015) [*2 reported
moringa as a protein feed, containing 241-277 g/kg of crude protein, among which about 47%
of bypass protein (Becker, 1995) [l adequate amino acid profile (Sanchez-Machado et al.,
2010) and polyphenolics contents as antioxidant (Sreelatha and Padma, 2009) %2, Compared
to traditional protein feeds viz., cotton seed cake, groundnut cake, sesame meal and soybean
meal for ruminants M. oleifera is a cheaper protein ingredient (Kholif et al., 2015) 1121,
Similary, Moringa oleifera, like other tree fodders, has low levels of anti-nutritive compounds
and high levels of naturally occurring antioxidants like vitamin C, tocopherols, flavonoids, and
phenolic compounds (Soliva et al., 2005; Mendieta-Araica et al., 2011; Nouman et al., 2014)
[21, 14, 18] plants with bioactive compounds with antibacterial qualities, including as essential
oils, saponins, and condensed tannins (Mendieta-Araica et al., 2011; Nouman et al., 2014) [*
181 can be used to increase antioxidant status and protein alternative in livestock. The use of
morigna leaf meal as a protein source and natural antioxidant for ruminants is not well
understood. Recently, researchers are interested in using moringa leaf meal as a protein feed
and natural antioxidant due to its encouraging outcomes, including increased feed utilisation
and milk production in small ruminants (Kholif et al., 2015) [*2. Hence, the present research
was undertaken to estimate the total phenols, tannins and antioxidant activity in concentrate
mixtures with increased inclusion of moringa leaves at varying levels.
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Materials and Methods

The effect of inclusion of Moringa oleifera (moringa) leaves
at 0, 5, 10, 15, 20, 25, 30 and 35% in the concentre mixtures
were taken for in vitro antioxidant assay. The concentrate
mixtures with various inclusion levels of moringa leaves were
prepared in triplicate for each diet. A basal concentrate
mixture (control, CON) was formulated with maize, de-oiled
rice bran, cotton seed cake and soybean meal as major
ingredients. The remaining 7 concentrate mixtures were
formulated with Moringa oleifera leaves (MOR). The
ingredient composition of the 8 concentrate mixtures
containing Moringa oleifera (Moringa) leaves (MOR) at
various inclusion levels is given in Table 1.

DPPH (2,2-diphenyl-1-picrylhydrazyl) Radical Scavenging
Activity: The DPPH radical scavenging activity was
determined according to the method described by Hossain and
Shah (2015) P with slight modifications. The samples (1 g)
were extracted in 20 ml cold solution of 3% oxalic acid in 8%
glacial acetic acid and centrifuged at 15000 rpm at 4 °C for 10
minutes and supernatant was collected and used for assay.
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The DPPH (Sigma Aldrich) solution (0.2 mM) was prepared
using 95% ethanol. Samples were analyzed using a microtitre
plate using blank, positive, negative and test samples. The
blank, positive, negative and test samples consists of 25 pl of
distilled water, L-ascorbic acid, di-methyl sulphoxide and
extract from concentrate mixture along with 250 pl of DPPH
(0.2 mM). The samples were incubated in dark for 30 minutes
and absorbance was measured at 517 nm using ELISA reader
- MQuant (BioTek instruments). L-ascorbic acid (17.6 mg in
100 ml distilled water) was used as positive control and di-
methyl sulphoxide as negative control.

Absorbance of control = Postive control OD — Negative
control OD

The scavenging activity was calculated using the following
formula and expressed in percent of radical scavenging
activity. The determination of DPPH radical scavenging
activity was carried out in triplicate and results were
averaged.

Table 1: Ingredient composition (%) of concentrate mixtures containing varying levels of Moringa oleifera leaves (MOR)

Ingredient CON? | MOR5® | MOR10® | MOR15% | MOR20® | MOR25° | MOR30® | MOR35®
Maize 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
Soybean meal 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
De-oiled rice bran 37.00 34.00 30.00 27.00 24.00 20.00 17.00 14.00
Cotton seed cake 21.00 19.00 18.00 16.00 14.00 13.00 11.00 9.00
Moringa oleifera leaves 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
Mineral and vitamin mixture! | 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Calcite powder 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Salt 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Total 100.00 | 100.00 100.00 100.00 100.00 100.00 100.00 100.00
!Mineral and vitamin mixture provided per kg diet: Calcium DM basis.

2.5 g, Phosphorus 1.275 g, Magnesium 0.065 g, Iron 0.0175
g, Sulphur 0.092 g, Zinc 0.096 g, Copper 0.042 g, Manganese
0.015 g, Potassium 1.5 mg, Sodium 0.2 mg, lodine 3.5 mg,
Cobalt 1.5 mg, Vitamin Bg 0.2 mg, Vitamin A 7500 IU,
Vitamin D3 750 1U, Vitamin E 3 mg, Niacinamide 0.012 g.
2Control diet

3Moringa oleifera (Moringa) leaves included at 5, 10, 15, 20,
25, 30 and 35% in the concentrate mixture partially replacing
de-oiled rice bran and cotton seed cake.

(Abs. of control — Abs. of sample)
DPPH Radical scavenging activity (%) = X 100

Abs. of control

Total Phenolic Content — Gallic Acid Equivalent: The total
phenolic content (TPC) was determined by the Folin-
Ciocalteu method (Hossain and Shah, 2015) P! with some
modifications. About 200 mg of sample was treated with 10
ml diethyl ether containing 1% acetic acid, vortexed and
centrifuged at 3000 rpm for 5 minutes to remove any
pigments. The supernatant was carefully discarded. To the
pellet, 10 ml of 70% aqueous acetone was added and
incubated for 2 h at 30°C using shaker. A standard curve was
prepared using 0.00, 0.02, 0.04, 0.06, 0.08 and 0.10 ml of 0.1
mg/ml gallic acid stock solution and volume was made up to
0.5 ml with distilled water. Then transferred 0.5 ml of extracts
to test tubes, later 0.25 ml of 1N Folin—Ciocalteu reagent was
added to samples and standards followed by 1.25 ml of 20%
sodium carbonate solution. The test tubes were vortexed and
incubated at room temperature for 40 minutes and absorbance
was recorded using spectrophotometer (UV-61 PCS, Metstar)
at 650 nm. Total phenols as gallic acid equivalent (GAE
mg/g) was calculated from calibration curve and expressed on

Total Phenolic Content — Tannic Acid Equivalent: The
total phenolic content (TPC) was determined by the Folin—
Ciocalteu method (Makkar, 2003) [ with some
modifications. About 200 mg of samples were treated with 10
ml diethyl ether containing 1% acetic acid, vortexed and
centrifuged at 3000 rpm for 5 minutes to remove any
pigments. The supernatant was carefully discarded. To the
pellet, 10 ml of 70% aqueous acetone was added and
incubated for 2 h at 30°C using shaker. A standard curve was
prepared using 0.00, 0.02, 0.04, 0.06, 0.08 and 0.10 ml of 0.1
mg/ml tannic acid stock solution and volume was made up to
0.5 ml with distilled water. Then transferred 0.5 ml of extracts
to test tubes, 0.25 ml of 1N Folin—Ciocalteu reagent was
added to samples and standards followed by 1.25 ml of 20%
sodium carbonate solution. The contents were vortexed and
incubated at room temperature for 40 minutes and absorbance
was recorded using spectrophotometer (UV-61 PCS, Metstar)
at 725 nm. Total phenols as tannic acid equivalent (TAE
mg/g) was calculated form calibration curve and expressed on
DM basis.

Non-tannin Phenolic Content and Tannins: The non-tannin
phenols was determined by the Folin—Ciocalteu method
(Makkar, 2003) ¥ with some modifications. Polyvinyl
polypyrolidone (PVPP) binds tannins present in extract.
Weighed 100 mg of PVPP (100 mg of PVPP is sufficient to
bind 2 mg of tannin phenols) and transferred to test tube, to
this 1 ml distilled water and 1 ml of tannin extract was added.
Standard curve (tannic acid) as mentioned earlier using tannic
acid and extracts were treated similarly as that of total phenols
estimation for tannic acid equivalent and expressed as non-
tannin phenols.
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Tannins in samples were estimated using the formula

Total tannins (mg of TAE/g) = (Total tannin phenols) — (non-
tannin phenols)

The data obtained were subjected to statistical analysis using
software (SPSS, Version 17). One way analysis of variance
through generalized linear model was used to analyse all the
results. The treatment means were ranked using Duncan’s
multiple range test with a significance at p<0.05. All the
statistical procedures were done as per Snedecor and Cochran
(1994) [201,

Results and Discussion

The total phenolic content (GAE and TAE mg/g), non-tannin
phenols (mg TAE/g), and tannins (mg/g) differed significantly
(p<0.01) with variation in inclusion levels of moringa leaves
in concentrate mixtures (Table 2). The total phenolic content
in terms of gallic acid equivalent (GAE) (mg/g GAE)
increased linearly (p<0.01) with increase in moringa leaves
inclusion levels from 0 (CON) (3.87) to 35% (MOR35)
(19.30). The GAE of CON, MOR5, MOR10, MOR15,
MOR20, MOR25, MOR30 and MOR35 were in the order of
MOR35 (19.30) > MOR30 (16.98) > MOR25 (16.10) >
MOR20 (14.75) > MOR15 (11.81) > MOR10 (8.29) > MOR5
(6.53) > CON (3.87) concentrate mixtures. Similarly, the total
phenolic content in terms of tannic acid equivalent (TAE)
(mg/g TAE) was highest (p<0.01) in MOR25, MOR30 and
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MOR35 were 20.49, 20.22 and 21.36, respectively and was
comparable among each other. The lowest total phenolic
content was observed in CON (4.13) concentrate mixture. The
TAE increased linearly (p<0.01) with increase in moringa
leaves inclusion levels from 0 (CON) (4.13) to 25% (MOR25)
(20.49). No increase in TAE was observed with increase in
moringa leaves from 25 (20.49) to 35% (21.36) in concentrate
mixtures.

The gradual increase in total phenolic content in concentrate
mixtures with increased inclusion of moringa leaves could be
due to high phenolic content in moringa leaves compared to
other feed ingredients in concentrate mixtures as reported by
various authors (Sreelatha and Padma, 2009 1?4, Das et al.,
2012 Bl Moyo et al., 2012 %1 and Belhi et al., 2018) . The
total phenolic content observed in moringa leaves based
concentrate mixtures in our study was higher than that
reported by Babiker et al. (2016) @ and Al-Juhaimi et al.
(2020) ™ when moringa leaves was included at 25% in the
total diet and the total phenol content value obtained was
equivalent to that of 5% MOR leaves inclusion in concentrate
mixture of present study, which could be due to difference in
variety (Babiker et al., 2016) @ and maturity (Sreelatha and
Padma, 2009) 2 of moringa leaves. The total phenolic
content decreases with maturity (Sreelatha and Padma, 2009)
(221 of leaves.

Table 2: Effect of inclusion of Moringa oleifera (moringa) leaves at varying levels in concentrate mixture on total phenolic content (GAE and
TAE), non-tannin phenols and tannins assessed in vitro

Diet Total phenolic content (TPC) Total phenolic content (TPC) Non-tannin phenols (NTAP) Tannins
mg GAE /g mg TAE /g mg TAE /g mg/g

CON! 3.87"+0.01 4.13'+0.03 2.799+0.03 1.349+0.06
MOR5? 6.539+0.09 7.46°+0.16 3.78+0.07 3.687+0.11
MOR10? 8.29'+0.11 9.35%0.09 4.04°+0.11 5.31°+0.17
MOR152 11.81°+0.38 13.68°+0.48 4.40°+0.03 9.289+0.46
MOR20? 14.75%+0.09 17.31°+0.23 5.38%+0.24 11.93°+0.24
MOR252 16.10°+0.08 20.49%+0.25 6.26°4+0.16 14.23*+0.10
MOR30? 16.98°+0.15 20.22°+0.52 6.78"°+0.20 13.44°+0.45
MOR35? 19.30°+0.46 21.36°+1.10 8.35%+0.29 13.017°+0.82

SEM 1.075 1.300 0.360 0.975
P value 0.0001 0.0001 0.0001 0.0001

Each value is an average of three observations

abed\feans with different superscripts in a column differ significantly: P<0.01

GAE- Gallic acid equivalent, TAE- Tannic acid equivalent
Control diet (0% moringa leaves)

2Moringa oleifera (moringa) leaves included at 5, 10, 15, 20, 25, 30 and 35% in the concentrate mixture partially replacing de-oiled rice bran

and cotton seed cake.
3Moringa oleifera (moringa) leaves
SEM: Standard Error Mean; P value: Probability value.

Table 3: Effect of inclusion of Moringa oleifera (moringa) leaves at varying levels in concentrate mixture on DPPH radical scavenging activity
assessed in vitro

Diet DPPH radical scavenging activity (%)
CON! 7.29%+0.71
MOR5? 36.57°+1.65
MOR10? 41.729+0.11
MOR15? 64.58°+1.04
MOR20? 71.29°+0.97
MOR25? 73.91°+0.63
MOR30? 78.09°+£0.21
MOR35° 79.50°+1.14
SEM 5.018
P value 0.0001

Each value is an average of three observations

abcdMeans with different superscripts in a column differ significantly: p<0.01

DPPH- 2,2-diphenyl-1-picrylhydrazyl
IControl diet (0% moringa leaves)

2Moringa oleifera (moringa) leaves included at 5, 10, 15, 20, 25, 30 and 35% in the concentrate
mixture partially replacing de-oiled rice bran and cotton seed cake.

3Moringa oleifera (moringa) leaves

SEM: Standard Error Mean; P value: Probability value.
~392 "~
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The non-tannin phenols (NTAP) (mg TAE/g) was highest
(p<0.01) in MOR35 (8.35) and lowest was observed in CON
(2.79) concentrate mixtures that increased linearly with
increase in moringa leaves inclusion in concentrate mixtures
from 0 to 35%. The NTAP (mg TAE/g) of CON, MOR5,
MOR10, MOR15, MOR20, MOR25, MOR30 and MOR35
were in the order of MOR35 (8.35) > MOR30 (6.78) >
MOR?25 (6.26) > MOR20 (5.38) > MORIS5 (4.40) > MOR10
(4.04) > MORS (3.78) > CON (2.79) concentrate mixtures.
The tannins (TA) (mg/g) was highest (p<0.01) in MOR25
(14.23) and MOR30 (13.44) and lowest was observed in CON
(1.34) concentrate mixtures. The TA content increased
linearly (p<0.01) with increase in moringa leaves inclusion
levels from 0 (CON) (1.34) to 25% (MOR25) (14.23). No
change on TA content was observed from 25 (14.23) to 30%
(13.44) and from 30 (13.44) to 35% (13.01), while the TA
content in MOR30 was comparable with MOR25 and
MOR35.

The non-tannin phenols and tannins also showed similar trend
as that of total phenols in concentrate mixtures with varying
levels of moringa leaves. The results showed that the moringa
leaves inclusion had lower content of tannin (below 4%), an
anti-nutritional substance. Similar results were reported by
Ferreira et al. (2008) [l who observed low content of tannins
(12 mg/g) in M. oleifera leaves. Further, Teixeira et al. (2014)
1231 also reported 20.6 mg/g total tannin content in M. oleifera
leaves and Jadhav et al. (2019) 1% reported 19.6 mg/g and
39.6 mg/g of total tannins in M. oleifera on DM basis grown
in two different regions, which was comparable with our
findings.

The DPPH assay has been widely used to evaluate the free
radical scavenging ability of various plant extracts. The
DPPH radical scavenging activity increased linearly (p<0.01)
with increase in moringa leaves inclusion levels from 0
(CON) (7.29) to 20% (MOR20) (71.29) and further increase
was observed from MOR25 (73.91) to MOR30 (78.09). No
increase in DPPH radical scavenging activity was observed
with increase in moringa leaves from 30 (78.09) to 35%
(79.50) in concentrate mixture and similarly, the activity
between 20 (71.29) and 25% (73.91) inclusion level was
comparable. Similarly, Sreelatha and Padma (2009) [?2, Das
et al. (2012) B, Moyo et al. (2012) %1 and Belhi et al. (2018)
[l reported concentration dependent increase in DPPH radical
scavenging activity (%) with increasing concentration of
moringa leaf extract which was in agreement with our
findings, that DPPH activity increased with increase in
inclusion level of moringa in concentrate mixtures. The high
DPPH activity in the concentrate mixtures with higher
inclusion levels of moringa is due to increase in total phenols,
non-tannins phenols and tannin content in these concentrate
mixtures. The antioxidant plant activities of moringa correlate
with total polyphenols (Moyo et al., 2011, Moyo et al., 2012
151 Belhi et al., 2018 M Al-Juhaimi et al., 2020) [,
flavonoids, flavonols, proanthocyanidin (Moyo et al., 2012)
(351 total tannins and saponins (Jelali and Salem, 2014) 14,
Corroborating with the present findings, Gaafar et al. (2016)
(8 observed that the antioxidant power in moringa was well
correlated with the richness of the plant in phenol compounds
such as ellagic acid (41.1%), quercetin (6.3%) and benzoic
acid (26.01%).

Conclusions
In vitro screening of various inclusion levels of moringa
leaves in concentrate mixtures for their effects on total
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phenols, non-tannin phenols and tannin phenols suggests that
these contents increase with increased inclusion of moringa
leaves. Similarly the DPPH radical scavenging activity (%)
also increased with increased inclusion of moringa leaves in
concentrate mixtures. Inclusion of moringa leaves in
concentrate mixtures at higher levels is having higher levels
of TPC, NTPC, tannins and DPPH radical scavenging activity
(%) thus may help in improving antioxidant content of feed
and thus may enhance antioxidant status of animals when
included in rations and further may enhance stress
management. Moringa leaves are thus potential alternative for
the synthetic antioxidants in the animal feeding system and
can economize the livestock feeding and consumer
acceptance of animal products.
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