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Abstract
Three total mixed rations (TMR) were prepared namely Ti-control where soybean meal was incorporated at 9.6 % of
TMR, T:-detoxified neem cake (dNC) was incorporated at 3.85 % of TMR and Tz-detoxified karanja cake (dKC) was
incorporated at 5.85 % of TMR and fed to three groups of six crossbred cows in each group for 90 days. Milk yield
(kg/day) and FCM yield (kg/day) increased in all the groups. The average milk fat was found to be lower in (P<0.05) in
T3-dKC group (5.03+0.21) compared to Ti-control (6.13£0.25). Nutrient intakes and digestibilities were found to be
same. Blood profiles like albumin, glucose, LDH and ALP concentrations were higher (P<0.05) and globulin and urea
concentration were lower (P<0.05) at the end of experiment in all the groups. Serum cortisol (nM/L) and IGF-1 (ng/ml)
concentration were also found to be same in all groups. However, final IGF-1hormone concentrations were found to be
higher (P<0.05) compared to initial values in all the groups. In can be concluded that feeding of TMR containing dNC and
dKC have improved milk yield in 90 days lactation period without adversely affecting milk composition, milk production
efficiency. Similar effects were observed even nutrient digestibility and nutritive value of diets indicating these
unconventional protein supplements can be included in TMR of dairy cattle. Positive effects on serum albumin, glucose,
LDH and ALP concentrations and IGF I concentrations were observed at the end of feeding period of 90 days in both

treatment groups compared to control.
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Introduction

Protein is an important macro nutrient and an
expensive constituent of animal diet. Price escalation of
protein sources such as ground nut cake (GNC), soybean
cake (SBC) will have a bearing on profitability of dairy
farmers. In the present study, two alternatives for un-
conventional protein sources such as Karanja (Pongamia
sp.) cake and Neem (Azadirachta indica) seed cake have
been investigated as potential replacement of
conventional cakes in the total mixed rations (TMR) of
dairy cattle. However, the use of these cakes are limited
due to anti-nutritional factors such as karanjin, pongamol
in case of karanja [1] and azadirachtin, salannin in case of
neem making unpalatable [2]. Various methods, namely
refluxing with 2% HCl [3] water leaching, solvent
extraction, acid and alkali treatment, autoclaving were
adopted to improve palatability and nutritive value of
detoxify karanja cake. Among all the methods, solvent
extraction was found to be more efficient to remove
karanjin [4] and is being commonly used as a method to
detoxify karanja cake. In case of neem, water washing of
cake resulted in wholesome protein substitute [5-9] due
to problem such as loss of 22% DM due to washing. To
avoid such loss, processing the cake in alkaline medium
without water washing either by soaking it in water (1:5
w/v) or containing either NaOH (2% w/w) for 24 hrs or
by ensiling with 2.5% urea (w/w) for 5-6 days [10,11].
The detoxification methodology was upscaled for neem
and karanja cake for its bulk production. In the present
study, effect of feeding these cakes on its exerted effects
on milk production, nutritional and blood profiles was
evaluated in crossbred cattle in total mixed rations
(TMR).

Material and Methods

Lactation trial was conducted in a field dairy farm close
to Department of Animal Nutrition, College of Veterinary
Science, Tirupati, India. The experimental protocols were
approved in Animal Ethical Committee. Locally available
maize fodder and concentrate feed ingredients (Maize,
Soybean meal, Deoiled Rice bran) were procured from the
local market of Tirupati, India. The maize fodder was
dried, chaffed and ground in a chaffer cum grinder and
mixed into complete rations in a horizontal mixer and
concentrate mixtures were prepared in feed mixing plant
at Department of Animal Nutrition, College of Veterinary
Science, Tirupati. Detoxification process on Neem seed
cake and Karanja cake modifying the method descripted
by Saxena et al. [12] for neem cake; and the method
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proposed by Ravi kanth et al. [13] for Karanja so as to get
resultant product with less oil and minimum anti-
nutritional factors.

Control TMR (T:i-Control) was formulated using dried
maize fodder (roughage source) and concentrate feed
ingredients (maize grain, deoiled soybean meal, urea,
molasses, mineral mixture and salt). All the ingredients
were ground in a Chaffer cum Grinder. dNC and dKC were
incorporated in the diets replacing 50% of protein
content of soybean meal. In control diets, soybean meal
was used at 9.6 % of diet. To achieve replacement level of
50%, dNC was used at 3.78 % of TMR (T,-dNC) whereas
dKC was used at 5.85 % of TMR (T3-dKC) (Table 1).

Items Ty T2 Ts
(Control) | (dNC) | (dKC)
Ingredients (% as fed
basis)
Dry maize fodder 60 60 60

Maize grain 10.8 16.8 5.55

Deoiled soybean meal 9.6 4.8 4.8
Detoxified Neem seed cake - 3.78 -
Detoxified Karanj seed cake - - 5.85

Deoiled rice bran 8.4 3.42 12.6
Urea 0.3 0.3 0.3
Mineral mixture2 0.6 0.6 0.6
Salt 0.3 0.3 0.3
Molasses 10 10 10
Total 100 100 100
Crude Protein 12.02 13.02 | 11.53
Chemical Composition
(%)

Dry Matter 91.1 90 92.2
Organic Matter 89.64 88.25 | 87.93
Crude Protein 12.32 12.16 | 12.06

Ether Extract 1.4 1.37 1.44

Crude Fiber 24.24 26.61 | 25.27

Total Ash 10.36 11.75 | 12.07
Neutral Detergent Fiber 54.55 66.58 | 55.67
Acid Detergent Fiber 28.5 34.36 | 33.26
Hemicellulose 26.05 32.22 | 22.41

Table 1: Ingredients and chemical composition of total
mixed rations used in the experiments.
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(Tq-Control), without any unconventional protein
supplements; (T.-dNC) detoxified neem cake was used at
the expense of 50 % of soybean meal protein; (T3-dKC),
detoxified karanja cake was used at the expense of 50 %
of soybean meal protein.

aCommercial mineral mixture with the composition per
kg: Cobalt-150mg, copper-1200mg, iodine-325mg, iron-
5000mg, magnesium-6000mg, potassium-1500mg,
selenium-100mg, sodium-10mg, sulphur-5.9mg, zinc-
0.942%, DL Methinonine-9600mg, L-lysine, mono
hydrochloride-4400mg, calcium-24%, phosphorous-12%
was used.

Eighteen crossbred cows (Jersey or Holstein-Fresian
cross with local cattle) with a mean BW of 334.56+12.76
kg and average milk yield of 5.67+0.29 kg/d were used for
conducting the lactation trial. As it was mentioned that
the experiment was conducted in field farm, it was
understood from the farmer that the cows are in first to
second lactation with mid lactation stage. They were
divided into three experimental groups in completely
randomized design. All the animals were housed in well
ventilated katcha shed under uniform management
conditions. Three total mixed rations and clean drinking
water were offered ad libitum level for four times a day.
The diets were moistened before feeding to prevent
dustiness and faster consumption. To find out the effect of
feeding the TMR containing unconventional detoxified
cakes a digestion trial of six days duration was conducted
after 60 days of feeding. During this period,
representative samples of feed offered, residues left and
faeces voided were collected, sub-sampled and preserved
at-20eC.

Animal body weights were calculated from their heart
girth and body length measurements by Shaffer’s formula.
Body weight (Ib) = (G2 x L)/300 where, G is heart girth
and L is the body length from shoulder point to pin bone
in inches. The factor 0.4536 used to convert these body
weights into kilogram. Milk samples were analyzed for
milk fat by Gerber’s Method (ISI 1977 IS: 1224 Part ),
SNF by Gravimetric method (ISI 1982 IS: 10083), Total
Solids by the addition of fat and SNF content, 4% FCM
Milk Protein by Kjeldahl method [14].

Proximate components and cell wall constituents were
determined as per AOAC [14] and Van Soest et al. [15]
respectively. Initial and final blood samples were
collected by jugular vein puncture in clean test tubes and
centrifuged at 3000 rpm for 10 min to separate the serum
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and stored at -20°C till analyzed. Biochemical parameters
such as total protein, albumin, globulin (g/dl), glucose,
urea (mg/dl), enzymes such as AST (aspartate
aminotransferase), ALT (alanine aminotransferase), LDH
(lactic dehydrogenase) and ALP (alkaline phosphatase)
were estimated using biochemical kits purchased from
Span Diagnostics Limited, Surat, Gujarat, India. The
globulin concentration was measured as difference
between total protein and albumin. Hormone
concentrations were estimated wusing the Kits
(Immunotech SAS, Marsille, France). Serum cortisol
(nM/L) and IGF-1 (ng/ml) are estimated following as per
the procedure specified by the immunotech, France.

Statistical analysis

Data from individual animals were averaged for each
parameter and the values were subjected to statistical
analysis [16] using SPSS. Statistical significance among
groups was determined using two ways ANOVA and
Tukey’s post-hoc test was employed to assess statistical
significance. For blood parameters, treatment, period and
interactions were found out using SPSS. The values were
expressed as mean * SE. Differences were considered
significant if P<0.05.

Results and Discussion

Milk yield, composition and efficiency of milk
production

Milk yield (kg/day) and FCM yield (kg/day) was found
to be more in dNC compared to dKC groups (Table 2).
Over a period of 90 days feeding, both milk yield (kg/day)
and FCM yield (kg/day) increased in all the groups. The
average milk fat was found to be lower in (P<0.05) in Ts-
dKC group (5.03+0.21) compared to Ti-control
(6.13+0.25). With the progression of experiment, milk fat
remained equivalent among all treatment groups,
however, total fat yield (g/d) was found to be higher
(p<0.05) in T,-dNC. Similarly, compared to initial values,
total fat yield increased (P<0.05) in all the treatment
groups. The average milk SNF was found to be equivalent
among all three groups and as experiment progressed,
milk SNF also remained same in all the groups. Total
solids was found to be lower in (P<0.05) in T,-dNC and
T3-dKC groups compared to Ti-control. Total solids (%)
among different groups remained similar during different
fortnights. Total solid yield (g/d) found to be higher in T»-
dNC compared to T3-dKC and Ti-control. Total solid yield
(g/d) was increased from initial to final stage of
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experiment across all the treatments. Density and milk
protein was found to be equal among dNC and dKC groups
compared to Ti-control. Milk density, milk protein also
remained same across all the fortnights. DMI (kg)
required for kg FCM was found to be same (P>0.05) in all
the groups (1.38+0.08 in Ti-control; 1.30+0.07 in T,-dNC
and 1.66+0.20 in Ts3-dKC) (Figure 1). Significant
improvements in milk yield, FCM yield was recorded in
neem seed cake containing group compared to control

and karanja cake fed groups. This can be attributed better
protein availability from neem seed cake. Rangaiah and
fed water washed neem seed cake to lactating Murrah
buffaloes and observed similar milk yield and quality
compared to control. In the present study, even though all
the three rations having similar protein, the inclusion of
neem seed cake showed better conversion efficiency into
milk yield without showing any adverse effects.

Attributes Tx T Ts SEM | Trt | Period | Trt* Period
(Control) | (dNC) | (dKC)

Milk yield (kg/d) 4.95b 6.232 | 511> | 0.15 | 0.001 | 0.014 0.972
4% FCMyield (kg/d) | 6.46% 7472 | 591b | 0.2 | 0.004| 0.003 0.921
Fat (%) 6.13 5.33 5.03 | 0.14 | 0.006 | 0.28 0.985
Fatyield (g/d) 291.99 | 332.6 | 257.52 | 10.26 | 0.008 | 0.003 0.935
SNF (%) 9.37 9 9.24 | 0.09 | 0.208 | 0.918 0.35
SNF yield (g/d) 465.1 |559.83 | 471.5 | 14.54 | 0.011 | 0.016 0.994
Total solid (%) 15.5 14.33 | 14.26 | 0.17 | 0.003 | 0.244 0.61
Total solid yield (g/d) | 763.09 | 892.43 | 729.84 | 22.88 | 0.006 | 0.003 0.969
Milk density 30.84 31.18 | 31.25 | 0.16 | 0.578 | 0.878 0.764
Milk Protein 3.66 3.68 3.6 0.01 | 0.096 | 0.525 0.992

Table 2: Milk yield and composition in treatment groups.

Values bearing different superscripts in a row (a,b) differ significantly (P<0.05)
(T;-Control), without any unconventional protein supplements; (T>-dNC) detoxified neem cake was used at the expense
of 50 % of soybean meal protein; (T3-dKC), detoxified karanja cake was used at the expense of 50 % of soybean meal

protein.
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Figure 1: Efficiency of milk production (Kg DM per Kg
FCM) different graphs: (Ti-Control) without any
unconventional protein supplements. (T.-dNC) detoxified
neem cake was used at the expense of 50 % of soybean
meal protein. (T3-dKC) detoxified karanja cake was used
at the expense of 50 % of soybean meal protein.

The milk production of dairy cows can be increased by
manipulating post ruminal digestibility of rumen
degradable protein and amino acid balance rather than
rumen degradable protein alone. Palmquist and Beaulieu
have discussed various feed factors like grain intake,
undegradable protein intake, fat supplements and energy
intake influence milk fat composition. Thus, the
differences in milk yield and composition observed in the
present study were attributed to quality and quantity of
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degradability of protein supplements and minor changes
in composition of TMR. The results pertaining to the milk
yield, milk fat, SNF, milk protein, total solids, density and
milk production efficiency revealed that the 50%
replacement of soybean meal with neem seed cake and
karanja cake did not show any adverse effect. The
efficiency of milk production also DM intake (kg/d; % BW;
g/Kg W075), Digestible OM intake (% BW; g/Kg W°75), CPI
(kg/d; g/Kg W°75), DCPI (kg/d, g/Kg Wo75), TDNI (kg/d,
g/Kg W075) were similar in all the treatment groups with
some numerical improvement in dNC supplemented
groups (T2-dNC). DMI (%BW) were 2.53 (T:-control), 2.77
(T2-dNC) and 2.61 (T3-dKC). The percent CP was made
around 12% to meet the nutrient requirements as per
ICAR taking into consideration the dry matter intake as
well as milk yield and stage of lactation. At this level, the
DCP and TDN intakes (kg/day) recorded were well above
the requirements given by ICAR (1998). Nutrient

digestibility (%) of DM, OM, CP, EE, NDF and ADF were
found to be same in all treatment groups indicating
comparative utilization. The DCP % and TDN % of the
diets was also found be the same in all groups (Table 3).
The reason can be attributed to low level of incorporation
of neem (3.78 %) and karanjaa cake (5.85 %). Similarly
Pandya et al. [17] reported that similar dry matter
digestibility in crossbred calves fed on complete diets
made with sugar cane bagasse. In recent study, Raj
Kishore et al. [18] found that nutrient digestibility was
improved in buffalo bulls fed on complete rations
compared to conventional system of feeding. Similarly,
feeding of unconventional feed roughage sources like
sweet sorghum bagasse in the form of processed
complete rations improved dry matter intake and
digestibility in ram lambs 19] and nutrient utilization,
microbial N supply in ram lambs [20].

Ingredient | T1(Control) | T2(dNC) | T;(dKC) | SEM | PValue
Body Weights During Trial Period
(kg) 355.35 354.58 351.79 12.57 0.99
(kg Wo75) 81.55 81.52 81.22 2.18 1
DM intake (kg/day) 8.72 9.63 9.16 0.35 0.59
DMI (%BW) 2.53 2.77 2.61 0.13 0.75
DMI (g/kg Wo.75) 108.57 119.49 112.84 492 0.69
DOMI (%BW) 1.61 1.73 1.61 0.09 0.81
DOMI (g/kg Wo.75) 69.06 74.57 69.61 3.41 0.79
CPI (kg/d) 1.07 1.17 11 0.04 0.66
(g/kg W075) 13.38 14.53 13.61 0.6 0.73
DCPI (kg/d) 0.68 0.72 0.66 0.03 0.85
(g/kg Wo75) 8.46 8.96 8.16 0.49 0.81
TDNI (kg/d) 5.2 5.57 5.24 0.26 0.84
(g/kg Wo75) 64.43 69.29 64.52 3.4 0.82
Digestibility (%)
DM 69.93 67.75 68.79 1.35 0.82
oM 71.76 69.49 70.26 1.26 0.78
CP 64.21 59.88 60.12 1.99 0.64
EE 73.78 75.07 75.24 1.59 0.93
NDF 66.02 70.36 66.19 1.39 0.38
ADF 56.08 63.2 61.15 1.67 0.21
Nutritive Value of Diet (%)

DCP 7.91 7.28 7.25 0.25 0.49
TDN 60.13 56.64 57.3 1.42 0.6

Table 3: Feed intake and nutrient digestibility in different treatments.
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Total protein, albumin and globulin concentrations
(g/dl) were found to be similar in all treatment groups.
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Higher albumin and lower globulin concentrations were
(P<0.05) and globulin concentration was less (P<0.05) at
the end of experiment. Blood glucose, urea (mg/dl)
concentrations were similiar in all the treatment groups.
Higher concentration of blood glucose and lower
concentration of urea were recorded at the end of
experiment. Blood enzymes such as aspartate amino
transferase (AST) alanine amino transferase (ALT),
alkaline phosphatase, (ALP) and lactic dehydrogenase
(LDH) did not show any differences between treatments.
However, LDH and ALP concentrations were increased
(P<0.05) at the end of feeding trial (Table 4). Serum
cortisol (nM/L) and IGF-1 (ng/ml) concentration were
also found to be identical in all the groups. However, IGF-

1 was more (P<0.05) at the end of experiment in all the
treatments. Serum cortisol (nM/L) and IGF I
concentrations were found to be same (P>0.05) in all the
groups. Cortisol concentrations before and at the end of
the experiment were found to be equivalent in all
treatment groups. However, IGF-1 concentrations
increased (P<0.05) by the end of the experiment
irrespective of treatment (91.33+4.53 to 102.99£3.61 in
T;-control; 88.28+1.74 to 104.19%1.18 in T,-dNC and
89.15+2.40 to 108.00+2.45 in T3-dKC) (Table 5). Though,
we have not studied any reproduction parameters of
these animals, increased IGF I concentrations could be
due to ovulation of cows due to high plane of nutrition.
Kawashima et al. [21] observed increased in IGF I
concentrations in ovulatory cows during post-partum.

Attributes T1(CNL) T2 (dNC) T3 (dKC) SEM Trt Period | Trt* Period
Total Protein (g/dl)
Initial 7.95 7.94 8.32 0.25
Final 8.25 8.16 8.3 0.21 081 0.633 0.921
Albumin (g/dl)
Initial . . . A1
nitia 3.76 3.05 3.69 0.17 0119 | 0.001* 0.352
Final 2.12 2.08 2.36 0.08
Globulin (g/dl)
Initial 4.19 4.89 4.63 0.29
*
Final 6.13 6.08 5.94 0.19 0752 | 0.001 0.652
Glucose (mg/dl)
Initial 46.19 39.17 41.22 2.31
*
Final 52.95 49.84 54.01 1.24 0301 | 0.001 0.644
Urea (mg/dl)
Initial 14.19 16.65 18.89 0.97
*
Final 11.27 10.25 10.98 1.05 0451 | 0.001 0-359

Table 4: Blood biochemical profiles in treatment groups.

(T;-Control), without any unconventional protein supplements; (T,-dNC) detoxified neem cake was used at the expense
of 50 % of soybean meal protein; (T3-dKC), detoxified karanja cake was used at the expense of 50 % of soybean meal

protein.
Attributes T1 (CNL) T, (dNC) T3 (dKC) SEM Trt | Period | Trt* Period
AST (1U/L)
Initial 101.56 100.24 110.32 411
0.362 0.61 0.989
Final 104.05 104.43 112.56 3.81
ALT (IU/L)
Initial 32.01 31.55 32.81 1.76
- 0913 | 0.878 0.999
Final 31.77 31.1 32.37 1.45
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LDH (IU/L)
Initial 737.38 750.19 754.3 46.97
- 0.909 | 0.001 0.902
Final 1251.22 1310 12129 71.92
ALP (IU/L)
Initial 53.56 51.53 54.69 2.12
0.547 0.01 0.359
Final 60.8 61.7 2.89
Hormone Profiles Serum cortisol (nM/L)
nitial 29.87 38.1 28.03 2.58
0.281 | 0.721 0.471
Final 30.95 31.66 30.09 1.66
Serum IGF-1 (ng/ml)
Initial 91.33 88.28 89.15 1.72
0.759 | 0.001 0.527
Final 102.99 104.19 1.8

Table 5: Blood enzyme and hormone profiles in treatment groups
(T1-Control), without any unconventional protein supplements; (T,-dNC) detoxified neem cake was used at the expense
of 50 % of soybean meal protein; (T3-dKC), detoxified karanja cake was used at the expense of 50 % of soybean meal

protein

The total protein, albumin and glucose values recorded
in the present study are within the range (5.7 to 8.1 g/dl
for protein, 2.1 to 3.6 g/dl for albumin and 45 -75 mg/dl
for glucose) as suggested by Radostits et al. [22]. The total
protein content in the serum changes depending on the
amount of protein and energy supplied with the diet, as
well as with the cow’s age and feeding season [23-25]. In
the present study, the protein contents of the diets were
kept almost same resulted in similar serum total protein
in all the treatment groups. The blood glucose values have
significantly improved over a period of 90 days. The blood
glucose concentrations is one of the biochemical
indicators on the basis of which one may draw
conclusions pertaining to body energy supply [26,24].
Glucose is necessary to produce lactose in the mammary
gland [27]. The increased glucose levels in the serum of
the animals at the final stage when compared to initial
stage of the experiment suggest a better nutrition for
lactating animals without any adverse effect of feeding
detoxified neem seed cake and karanja seed cake. Serum
urea concentrations have significantly reduced over a
period of 90 days indicative of better protein utilization
due to feeding of total mixed rations in all the treatment
groups. Blood enzymes like ALT, AST, LDH, ALP (IU/L)
were estimated to find out any elevation following the
feeding of the unconventional cakes. During the course of
90 days, there was only elevation of LDH and ALP in all
the treatment groups indicating normal physiological
trends. The concentrations observed for enzymes fall well
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within the physiological ranges (ALT: 11 to 40, AST: 78 to
132, ALP: 0 to 500 U/L) suggested by Radostits et al. [22]
and (LDH: 692 to 1445 IU/L) suggested by Kaneko et al.
[28]. Blood enzyme profile showed that there are no
deleterious effects of inclusion of neem seed cake and
karanja cake in the complete rations in lactating animals.
Cortisol is the regulator of glucose in ruminants which
acts to increase gluconeogenesis from amino acids. In
starving ruminants the gluconeogenesis is maintained by
elevated levels of glucocorticoids [29]. In lactating
ruminants the rate of hepatic gluconeogenesis and the
relative concentrations of glycogenic precursors regulate
the level of milk production. However, cortisol is an
indicator of stress and pain. In the current study the
serum cortisol concentrations were reduced at the end of
the experiment when compared to the initial
concentrations indicating that the animals in all the
treatments were not in stress or pain. Insulin like growth
factor (IGF-I) is a potential indicator of the nutritional
effects on reproduction [30,31]. The IGF-I concentrations
in the peripheral blood of lactating cows have been
related directly to their energy status with higher
concentrations being positively associated with Body
Condition Score [32] and nutrient intake [33]. The results
in the present study revealed that there was significant
increase in the IGF-I concentrations at the end of
experiment in comparison with initial stage of the
experiment indicating that the animals in all the
treatments were better nutritional status, good energy
balance and body condition score.
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Conclusion

We conclude that, detoxified Neem cake (dNC) and
detoxified Karanja cake (dKC) can be included in total
mixed rations of dairy cattle producing (5-8 liters of milk
per day) replacing standard soybean meal. Feeding of
TMR containing dNC and dKC have improved body
weights, milk yield in 90 days lactation period without
adversely affecting milk composition, milk production
efficiency of cows. Hence, it can be recommended to
include detoxified Neem cake and detoxified Karanja cake
in rations of medium producing dairy cattle replacing
standard soybean meal up to 50% level.

Acknowledgment

The authors wish to acknowledge Dr. A. K. Rawat,
Director of Department of Biotechnology, New Delhi,
India for providing financial support in carrying out this
research work which formed a part of research project
grant entitled “Detoxification and utilization of key agro
forest based non-conventional oil cakes in the feeding of
BT/PR9097/AAQ/01/328/2007  dated
13/2/2008 ”, and Director, National Institute of Animal
Nutrition and Physiology, Bengaluru for providing

necessary infrastructure facilities for conducting
research.
References

Dinesh kD, Rao SBN, Jash S, Elangovan AV, Hemalatha
S (2011) Chemical composition and anti-nutritional
factors in karanja (Pongamia pinnata) seed kernels
and its in vitro evaluation. Ind ] Anim Sci 81(5): 478-
483.

Rao SBN, Dinesh kumar D, Saravanan N, Jash S (2014)
Incriminating factors in neem seed kernels and in
vitro evaluation of graded levels of raw and detoxified
neem seed cake based concentrate mixtures. Ind ]
Anim Sci 84(1): 82-84.

Mandal, Ghosh Majumdar S, Maity CR (1985) Protease
inhibitors and in vitro protein digestibility of defatted
seed cakes of akashmoni and karanja. ] Am Oil Chem
Soc 62(7): 1124-1126.

Prabhu TM (2002) Clinico nutritional studies in
lambs fed raw and detox-ifiedkaranj (P. glabra vent)
meal as protein supplement. PhD Thesis. Indian
Veterinary Research Institute, Izatnagar, India.

Rao SBN, et al. Evaluation of Detoxified Karanja (pongamia sp.) and Neem
(azadirachta indica) Cakes in Total Mixed Ration (tmr) for Dairy Cattle-
Effect on Nutritional, Biochemical Profiles. ] Vet Sci Res 2016, 1(1):
000107.

10.

11.

12.

13.

14.

15.

Nath K, Rajagopal S, Garg AK (1983) Water-washed
neem (AzadirachtaindicaA.Juss) seed kernel cake as
cattle feed. ] Agri Sci 101: 323-326.

Agrawal DK, Garg AK, Nath K (1987) The use of
water-washed neem (Azadirachta indica) seed kernel
cake in the feeding of buffalo calves. ] Agric Sci. 108:
497-499.

Nath K, Agrawal DK, Hassan QZ, Daniel S], Sastry VRB
(1989) Water washed neem (Azadirachtaindica) seed
kernel cake in the feeding of milch cows. Anim Prod
48(3): 497-502.

Sastry VRB, Agrawal DK (1992) Utilisation of water
washed neem seed kernel cake as protein source for
pigs. ] Appl Anim Res 1(2): 103-107.

Verma AK, Sastry VRB, Agrawal DK (1995) Feeding of
water washed neem (Azadirachtaindica) seed kernel
cake to growing goats. Small Ruminant Research
15(2): 105-111.

Nagalakshmi D, Sastry VRB, Agrawal DK, Katiyar RC,
Verma SV (1996) Performance of broiler chicks fed
on alkali-treated neem (Azadirachtaindica) kernel
cake as a protein supplement. Bri Poult Sci 37(4):
809-818.

Nagalakshmi D, Sastry VRB, Katiyar RC, Agarwal DK,
Verma SVS (1999) Performance of broiler chicks fed
on diets containing urea ammoniated neem
(Azadirachtaindica) kernel cake. Br Poult Sci 40(1):
77-83.

Saxena M, Ravikanth K, Kumar A, Gupta A, Singh B, et
al. (2010) Purification of Azadirachta indica seed cake
and Its Impact on Nutritional and Anti nutritional
Factors. ] Agric Food Chem 58(8): 4939-4944.

Ravikanth K, Thakur M, Singh B, Saxena M (2009) TLC
Based Method for Standardization of Pongamia
pinnata (Karanj) Using Karanjin as Marker.
Chromatographia 69(5): 597-599.

AOAC (2010) Official Methods of Analysis of AOAC
International. (18t edn), 3% Review AOAC
International, Washington, USA.

Van Soest PJ, Robertson ]B, Lewis BA (1991) Methods
for dietary fiber, neutral detergent fiber, and non-
starch polysaccharides in relation to animal nutrition.
] Dairy Sci 74(10): 3583-3597.

Copyright© Rao SBN, et al.


http://epubs.icar.org.in/ejournal/index.php/IJAnS/article/view/5463
http://epubs.icar.org.in/ejournal/index.php/IJAnS/article/view/5463
http://epubs.icar.org.in/ejournal/index.php/IJAnS/article/view/5463
http://epubs.icar.org.in/ejournal/index.php/IJAnS/article/view/5463
http://epubs.icar.org.in/ejournal/index.php/IJAnS/article/view/5463
http://epubs.icar.org.in/ejournal/index.php/IJAnS/article/view/37333
http://epubs.icar.org.in/ejournal/index.php/IJAnS/article/view/37333
http://epubs.icar.org.in/ejournal/index.php/IJAnS/article/view/37333
http://epubs.icar.org.in/ejournal/index.php/IJAnS/article/view/37333
http://epubs.icar.org.in/ejournal/index.php/IJAnS/article/view/37333
http://link.springer.com/article/10.1007/BF02542305
http://link.springer.com/article/10.1007/BF02542305
http://link.springer.com/article/10.1007/BF02542305
http://link.springer.com/article/10.1007/BF02542305
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7383676
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7383676
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7383676
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7383676
http://www.tandfonline.com/doi/abs/10.1080/09712119.1992.9705915
http://www.tandfonline.com/doi/abs/10.1080/09712119.1992.9705915
http://www.tandfonline.com/doi/abs/10.1080/09712119.1992.9705915
http://www.sciencedirect.com/science/article/pii/0921448894000183
http://www.sciencedirect.com/science/article/pii/0921448894000183
http://www.sciencedirect.com/science/article/pii/0921448894000183
http://www.sciencedirect.com/science/article/pii/0921448894000183
http://www.ncbi.nlm.nih.gov/pubmed/8894225
http://www.ncbi.nlm.nih.gov/pubmed/8894225
http://www.ncbi.nlm.nih.gov/pubmed/8894225
http://www.ncbi.nlm.nih.gov/pubmed/8894225
http://www.ncbi.nlm.nih.gov/pubmed/8894225
http://www.ncbi.nlm.nih.gov/pubmed/10405039
http://www.ncbi.nlm.nih.gov/pubmed/10405039
http://www.ncbi.nlm.nih.gov/pubmed/10405039
http://www.ncbi.nlm.nih.gov/pubmed/10405039
http://www.ncbi.nlm.nih.gov/pubmed/10405039
http://www.ncbi.nlm.nih.gov/pubmed/20218605
http://www.ncbi.nlm.nih.gov/pubmed/20218605
http://www.ncbi.nlm.nih.gov/pubmed/20218605
http://www.ncbi.nlm.nih.gov/pubmed/20218605
http://link.springer.com/article/10.1365/s10337-008-0922-x
http://link.springer.com/article/10.1365/s10337-008-0922-x
http://link.springer.com/article/10.1365/s10337-008-0922-x
http://link.springer.com/article/10.1365/s10337-008-0922-x
http://www.ncbi.nlm.nih.gov/pubmed/1660498
http://www.ncbi.nlm.nih.gov/pubmed/1660498
http://www.ncbi.nlm.nih.gov/pubmed/1660498
http://www.ncbi.nlm.nih.gov/pubmed/1660498

16.

17.

18.

19.

20.

21.

22.

23.

24.

Open Access Journal of Veterinary Science & Research

Snedecor GW, Cochran WG (1989) Statistical Methods
(8t edn) lIowa State University Press, Ames, lowa,
USA.

Pandya PR, Desai MC, Patel GR, Talpada PM, Pande
MB, et al. (2009) Economical Rearing of crossbred
calves on complete feeds, based on sugarcane bagase
and non conventional feeds. Indian ] Anim Nutr
26(3): 211-215.

Raj Kishore K (2012) Evaluation of crop residue
based complete rations for augmenting milk and meat
production in buffaloes and Sheep. Ph.D Thesis, Sri
Venkateswara Veterinary University, Tirupati, India.

Babu ], Nalini Kumari N, Raman Reddy Y,
Raghunandan T, Sridhar K (2014) Effect of feeding
sweet sorghum stover based complete ration on
nutrient utilization in Nellore lambs. Vet World 7:
970-975.

Nalini Kumari N, Ramana Reddy Y, Blummel M,
Nagalakshmi D, Monikaa T, et al. (2014) Effect of
feeding differently processed sweet sorghum
(Sorghum bicolor L. Moench) bagasse based complete
diet on nutrient utilization and microbial N supply in
growing ram lambs. Small Ruminant Res 117(2): 52-
57.

Kawashima C, Fukihara S, Maeda M, Kaneko E,
Montoya C A, et al. (2007) Relationship between
metabolic hormones and ovulation of dominant
follicle during the first follicular wave post-partum in
high-producing dairy cows. Reprod 133(1): 155-163.

Radostits OM, Gay CC, Blood DC, Hinchcliff KW (2000)
Veterinary Medicine. (9tedn) WB Sauders Co,
London, pp. 1820-1821.

Dembinski Z, Wieckowski W, Mréz-Dembinska S
(1986) Evaluation of the usefulness of some blood
biochemical values in pregnant cows in the prognosis
in post-partum disorders Sin Polish, Med Weter 42:
357-361.

Kupczynski R, Chudoba-Drozdowska B (2002) Values
of selected biochemical parameters of cows blood
during their drying-off and the beginning of lactation.
EJPAU Ser Veterinary Medicine 5(1): 1.

Rao SBN, et al. Evaluation of Detoxified Karanja (pongamia sp.) and Neem
(azadirachta indica) Cakes in Total Mixed Ration (tmr) for Dairy Cattle-

Effect on Nutritional, Biochemical Profiles. ] Vet Sci Res 2016, 1(1):
000107.

25.

26.

27.

28.

29.

30.

31

32.

33.

Kwiatkowski T, Preoe ], Luczak W (1989) Evaluation
of the indicators of protein, carbohydrate and mineral
metabolism in the blood of cows fed supplementary
high-energy food Sin Polish. Pol Arch Weter 29: 177-
187.

Goff JP, Horst RL, Mueller F], Miller JK, Kiess GA, et al.
(1991) Addition of chloride to a prepartal diet high in
cations increases 1, 25 - dihydroxy vitamin D
response to hypocalcemia preventing milk fever. ]
Dairy Sci 74(11): 3863-3871.

Darul K, Kruczynska H (2005) Changes in some blood
constituents of dairy cows: association with
pregnancy and lactation Sin Polish. Acta Sci Pol Med
Vet 4: 73-86.

Kaneko ]J, Harvey JW, Bruss ML (2008) Clinical
Biochemistry of Domestic Animals. (6t edn)
Academic Press, London, England, pp. 882-888.

Trenkle A (1981) Endocrine regulation of energy
metabolism in ruminants. Fed Proc 40(10): 2536-
2541.

Zulu VC, Nakao T, Sawamukai Y (2002) Insulin-like
growth factor-I as a possible hormonal mediator of

nutritional regulation of reproduction in cattle. ] Vet
Med Sci 64(8): 657-665.

Velazquez MA, Spicer L], Wathes DC (2008) The role
of endocrine insulin-like growth factor-I (IGF-I) in
female bovine reproduction. Domest Anim Endocrin
35(4): 325-342.

Beam SW, Butler WR (1999) Effects of energy balance
on follicular development and first ovulation in post
portum dairy cows. ] Reprod Fertil 54: 411-424.

Thissen JP, Ketelslegets JM, Underwood LE (1994)
Nutritional regulation of the Insulin-like growth
factors. Endocr Rev 15(1): 80-101.

Copyright© Rao SBN, et al.


http://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=26&issue=3&article=003
http://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=26&issue=3&article=003
http://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=26&issue=3&article=003
http://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=26&issue=3&article=003
http://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=26&issue=3&article=003
http://www.sciencedirect.com/science/article/pii/S0921448813003945
http://www.sciencedirect.com/science/article/pii/S0921448813003945
http://www.sciencedirect.com/science/article/pii/S0921448813003945
http://www.sciencedirect.com/science/article/pii/S0921448813003945
http://www.sciencedirect.com/science/article/pii/S0921448813003945
http://www.sciencedirect.com/science/article/pii/S0921448813003945
http://www.sciencedirect.com/science/article/pii/S0921448813003945
http://www.ncbi.nlm.nih.gov/pubmed/17244742
http://www.ncbi.nlm.nih.gov/pubmed/17244742
http://www.ncbi.nlm.nih.gov/pubmed/17244742
http://www.ncbi.nlm.nih.gov/pubmed/17244742
http://www.ncbi.nlm.nih.gov/pubmed/17244742
http://www.ejpau.media.pl/volume5/issue1/veterinary/art-01.html
http://www.ejpau.media.pl/volume5/issue1/veterinary/art-01.html
http://www.ejpau.media.pl/volume5/issue1/veterinary/art-01.html
http://www.ejpau.media.pl/volume5/issue1/veterinary/art-01.html
http://colorectal-cancer.imedpub.com/
http://colorectal-cancer.imedpub.com/
http://colorectal-cancer.imedpub.com/
http://colorectal-cancer.imedpub.com/
http://colorectal-cancer.imedpub.com/
http://www.ncbi.nlm.nih.gov/pubmed/7021187
http://www.ncbi.nlm.nih.gov/pubmed/7021187
http://www.ncbi.nlm.nih.gov/pubmed/7021187
http://www.ncbi.nlm.nih.gov/pubmed/12237508
http://www.ncbi.nlm.nih.gov/pubmed/12237508
http://www.ncbi.nlm.nih.gov/pubmed/12237508
http://www.ncbi.nlm.nih.gov/pubmed/12237508
http://www.ncbi.nlm.nih.gov/pubmed/18703307
http://www.ncbi.nlm.nih.gov/pubmed/18703307
http://www.ncbi.nlm.nih.gov/pubmed/18703307
http://www.ncbi.nlm.nih.gov/pubmed/18703307
http://www.ncbi.nlm.nih.gov/pubmed/10692872
http://www.ncbi.nlm.nih.gov/pubmed/10692872
http://www.ncbi.nlm.nih.gov/pubmed/10692872
http://www.ncbi.nlm.nih.gov/pubmed/8156941
http://www.ncbi.nlm.nih.gov/pubmed/8156941
http://www.ncbi.nlm.nih.gov/pubmed/8156941

	Abstract
	Keywords
	Abbreviations
	Introduction
	Material_and_Methods
	Results_and_Discussion
	Conclusion
	Acknowledgment
	References

