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A bioassay study was conducted to investigate the effects of substituting casein with graded levels of
detoxified Jatropha curcas seed cake protein isolates (JPI) as a protein source on the growth performance,
feed efficiency ratio (FER) and its protein values using rats as an animal model. Thirty 21-day-old male
SpragueeDawley weaned rats were randomly divided into 5 groups, each group with 6 replications
(n ¼ 1). Each group consumed one of the following diets: protein-free, casein (CAS) and JPI diets (JPI20,
JPI40 and JPI60; different levels of JPI to replace the casein at concentrations of 20%, 40% and 60% on crude
protein basis). Feed intake and protein intake showed no difference among the rats fed JPI20, JPI40 and
CAS diets (P > 0.05). However, these parameters were lower in the rats fed JPI60 than in rats fed CAS
(P < 0.05). The rats fed diets containing JPI had lower body weight gain, protein efficiency ratio and net
protein retention than those fed CAS diet (P < 0.05). When the level of JPI used to replace the casein was
lower than 40%, protein efficiency ratio (PER) was close to or higher than 2.0, which suggests that JPI
could be viewed as a high-quality protein. Inclusion of JPI in the diet decreased alkaline phosphatase
activity. The values were significantly lower in rats fed JPI20 and JPI40 than in rats fed CAS (P < 0.05). No
histopathological changes were observed in livers and kidneys in the rats fed JPI diets. The results
demonstrate that JPI could be used as an efficient protein source at a level of no more than 40% of dietary
protein source.

© 2018, Chinese Association of Animal Science and Veterinary Medicine. Production and hosting
by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Jatropha kernel meal (JKM) obtained as a by-product after oil
extraction from Jatropha kernels has up to 60% crude protein (CP)
content. It has been shown that the levels of essential amino acids
(EAA) except lysine in JKM are higher than those of the FAO-WHO
(1990) reference protein and the required EAA levels for chicks and
young pigs (Makkar et al., 1997). The AA profile of JKM is
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comparable to that of soybean, except for lysine. The anti-
nutritional factors and toxic factors in JKM can be removed using
a procedure that uses chemical and heat treatments, and the
detoxified JKM has been evaluated as a protein-rich feed source in a
number of animal species (Makkar et al., 2012; Abd El-Hack et al.,
2017).

In addition to JKM, Jatropha seed cake is generated when whole
Jatropha seeds are passed through a mechanical press. This seed
cake has a high amount of shells (up to 45%), hence it is not a good
feed for animals. A process of protein isolate preparation from
Jatropha seed cake has been optimized (Makkar et al., 2008; Wang
et al., 2011b). Jatropha curcas seed cake protein isolates (JPI) has a
high protein content (around 89%), and could be a good protein
source for animals. The presence of anti-nutrients and toxins like
phorbol esters in J. curcas seed cake limits its application in feeds
(Sharath et al., 2016). Many work has been conducted to detoxify
the JPI (Sharath et al., 2014; Abd El-Hack et al., 2017), but the effects
uction and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is
nses/by-nc-nd/4.0/).
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Table 2
Contents of amino acids in Jatropha seed cake protein isolate (JPI) and the experi-
mental diets for rats, % of DM.

Item JPI Dietary treatments1

CAS JPI20 JPI40 JPI60

Essential amino acids
Lysine 2.14 6.74 6.25 5.46 4.63
Methionine 1.52 2.06 2.04 1.79 1.77
Threonine 2.95 3.96 3.93 3.88 3.92
Valine 3.84 5.65 5.73 5.65 4.85
Isoleucine 3.47 4.35 4.27 4.34 4.45
Leucine 5.67 8.43 7.98 7.83 7.67
Phenylalanine 3.88 4.26 4.46 4.54 4.85
Histidine 2.01 2.28 2.38 2.42 2.57
Arginine 10.31 2.86 4.20 5.63 7.72
Non-essential amino acids
Proline 3.27 8.90 7.79 7.02 6.15
Glycine 3.53 1.78 2.14 2.63 3.31
Cystine 1.22 2.54 3.09 3.14 1.45
Alanine 3.76 2.95 3.20 3.55 4.00
Asparagine 7.96 6.71 7.19 7.74 8.60
Serine 3.40 5.05 5.01 4.94 5.07
Glutamine 11.61 25.82 24.95 24.21 23.57
Tyrosine 2.98 3.80 3.52 3.35 3.32

1 CAS, casein diet containing casein at the level of 10% protein, substituting
equivalent amount of starch in basal diet (dry matter basis); JPI20, JPI40 and JPI60,
diets containing Jatropha seed cake protein isolates to replace the 20%, 40% and 60%
protein of casein.
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are variable. The same approach as the detoxification of JKM has
been developed by Makkar et al. (2012). Before the application of
this protein in foods, animal studies should be conducted to
confirm its safety. Our previous study confirmed that the detoxified
JKM supplemented with lysine could replace 50% of soybean meal
protein in the diets of growing pigs without any negative effects on
health or production (Wang et al., 2011a).

The rat has been widely used as an animal model to evaluate
protein efficiency. We hypothesized that JPI could substitute a part
of casein in rat diets with no negative effect on performance. To
evaluate detoxified JPI as a protein source in animal diets, this
bioassay study was conducted to investigate the effects of
substituting casein with graded levels of detoxified JPI on the
growth performance, feed efficiency ratio (FER) and its protein
values using rats as an animal model.

2. Material and methods

2.1. Feeds and experimental design

The JPI used in this study was prepared according to Makkar et al.
(2008) and Wang et al. (2011b). The JPI preparation was free of
phorbol esters and anti-nutritional factors such as trypsin inhibitor
and lectins (Makkar et al., 2012). Thirty 21-day-old male
SpragueeDawley weaned rats, weighing 70 ± 4.39 g, were randomly
divided into 5 groups, each group with 6 replications. Each group
consumed one of the following diets: protein-free basal diet, casein
(CAS) and JPI diets (JPI20, JPI40 and JPI60; different levels of JPI to
replace the casein at concentrations of 20%, 40% and 60% on CP basis)
(Table 1). The level of dietary protein of the CAS and JPI dietswas 10%.
The contents of the experimental diets are shown in Table 2.

2.2. Animal managements and performance measurement

All procedures used in the researchwere approved by the Animal
Care and Use Committee at Zhejiang University, China. The experi-
ments were conducted at the Laboratory Animal Research Center,
Zhejiang Chinese Medical University, Hangzhou, China. All the con-
ditions used for animal housing and handling followed the Regula-
tions for the Administration of Affairs Concerning Experimental
Animals (The State Food and Drug Administration of People’s
Republic of China, 2005).
Table 1
Ingredients of the experimental diets for rats, g/100 g.

Item Dietary treatments1

Protein-free CAS JPI20 JPI40 JPI60

Casein 0 13.6 10.8 8.1 5.4
JPI 0 0 2.4 4.7 7.1
Corn starch 80.0 66.4 66.8 67.1 67.5
Corn oil 10.0 10.0 10.0 10.0 10.0
Cellulose 5.0 5.0 5.0 5.0 5.0
Salt mixture2 4.0 4.0 4.0 4.0 4.0
Vitamin mixture3 1.0 1.0 1.0 1.0 1.0

JPI ¼ Jatropha seed cake protein isolate.
1 CAS, casein diet containing casein at the level of 10% protein, substituting

equivalent amount of starch in basal diet (dry matter basis); JPI20, JPI40 and JPI60,
diets containing JPI to replace the 20%, 40% and 60% protein of casein.

2 Salt mixture: CaCO3 78.6 g, Ca3C12H10O14$4H2O 308.3 g, CaHPO4$2H2O 112.8 g,
K2HPO4 218.8 g, KCl 124.7 g, NaCl 77.1 g, MgSO4 38.3 g, MgCO3 35.2 g,
Fe(C6H17N3O7) 15.3 g, MnSO4$H2O 0.201 g, CuSO4$5H2O 0.078 g, KI 0.041 g,
ALNH4(SO4)2$12H2O 0.507 g.

3 Vitamin mixture: vitamin A 1,000 IU, vitamin D 100 IU, vitamin E 10 IU, vitamin
K 0.5 mg, riboflavin 1 mg, pyrodoxine 0.4 mg, pantothenic acid 4 mg, niacin 4 mg,
choline 200 mg, inositol 25 mg, para-aminobenzoic acid 10 mg, vitamin B12 2 mg,
biotin 0.02 mg, folic acid 0.2 mg. Cellulose was added to bring it up to 1 g.
The rats were singly housed in cages and kept in a well
ventilated, thermostatically controlled room at 22 ± 1 �C under a
12-h lightedark cycle and had free access to drinking water. The
experiment lasted for 28 d, including a 3-d adaptation period fol-
lowed by an experimental period of 25 d. Feed intake was deter-
mined by weighing the amounts of diet given, refused and spilled.
Feed intake per daywas defined as feed intake rate. Liveweight was
recorded daily and the weight gain per day (daily gain) was defined
as weight gain rate. The feces were collected on alternate days and
stored at �20 �C until analysis.

2.3. Sample and analyses

2.3.1. Chemical composition
The samples of diet ingredients and diets were analyzed for

Kjeldahl nitrogen (N) using the AOAC method 954.01 (AOAC, 1995),
and the CP was then calculated by multiplying N � 6.25. Concen-
tration of N in acidified urine samples was determined using the
micro-Kjeldahl analysis (AOAC, 1995). The AA levels were deter-
mined using an AA analyzer after hydrolyzing the samples with
6 mol/L HCl at 100 �C for 22 h. Sulfur-containing AA were oxidized
using performic acid before the acid hydrolysis.

2.3.2. Protein biological indices
Dry matter digestibility values were obtained by subtracting the

endogenous excretion corrected for the amount of diet consumed
from the apparent fecal losses (Wolsac et al., 1981). Protein effi-
ciency ratio (PER) and net protein retention (NPR) were calculated
as follows (Friedman, 1996):

PER ¼ Gain in body weight (g)/Protein consumed (g);
NPR ¼ (Weight gain of test group þ Weight loss of non-protein
group) (g)/Protein consumed (g).
2.3.3. Blood biochemical parameters
Blood samples were collected from the eyeball of each rat and

serum was collected by centrifugation at 1,200 � g for 15 min at
4 �C. Total protein, albumin, blood urea nitrogen and alkaline
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phosphatase were analyzed by an automatic biochemistry analyzer
(Hitachi 7020, Hitachi High Technologies, Inc., Ibaraki, Japan). Test
kits were purchased from Diasys Diagnostic Systems (Shanghai Co.
Ltd., Shanghai, China).

2.3.4. Histopathological studies
All 30 rats were slaughtered at the end of experiment. The liver,

heart, lung, spleen and kidneys were weighed. The specimens of
tissues from the liver and kidney were taken for histopathological
examination. The tissues were immediately rinsed with physio-
logical saline, fixed overnight in 4% paraformaldehyde and then
dehydrated in a graded series of ethanol and embedded in paraffin
for later slicing and hematoxylin and eosin staining.

2.4. Statistical analysis

For feed intake, average daily weight gain, feed conversion ratio,
protein biological indices and serum parameters, each rat was
considered as the experimental unit. The treatments were assigned
as a completely randomized design using the general linear models
(GLM) procedure of SAS Institute (1996). Differences among means
of the 4 treatments were tested using Duncan's newmultiple range
test. Statistical significance was defined at P � 0.05, with highly
significant values at P � 0.01.

3. Results

3.1. Amino acid composition of the experimental diets

Substitution of caseinwith JPI in the diet decreased the contents
of EAA including methionine, lysine, and leucine, but an increasing
trend was observed for arginine (Table 2). This was influenced by
the high level of arginine (10.3%) in the J. curcas protein isolate. The
contents of the non-EAA, proline and glutamine tended to decrease,
whereas glycine, alanine, and asparagine contents tended to in-
crease with the inclusion of JPI in diets.

3.2. Feed intake and growth performance of rats

Feed intake, protein intake and feed intake rate in rats fed JPI20
and JPI40 diets were not significantly different from those fed CAS
(P > 0.05, Table 3), whereas these parameters were lower in rats fed
the JPI60 diet than in those fed the CAS diet (P< 0.05, Table 3).Weight
gain (P < 0.01) and weight gain ratio (P < 0.01) were lower in rats fed
diets containing graded levels of JPI than in those fed the CAS diet.
Table 3
Feed intake, growth performance and digestive utilization of nitrogen in rats fed
experimental diets.

Item Dietary treatments1 SEM P-value

CAS JPI20 JPI40 JPI60

Feed intake, g 355.3a 347.7a 319.1a 241.6b 14.29 <0.01
Protein intake, g 44.2a 42.6a 43.0a 29.2b 1.78 <0.01
Body weight gain, g 124.6a 103.8b 86.0c 1.80d 5.56 <0.01
Weight gain rate, g/day 4.5a 3.7b 3.1c 1.9d 0.20 <0.01
Feed intake rate, g/day 12.7a 12.4a 11.4a 8.6b 0.51 <0.01
DM digestibility, % 90.7a 90.5a 87.5ab 86.3b 1.25 0.07
FER 0.35a 0.30b 0.27c 0.21d 0.01 <0.01
PER 2.82a 2.43b 1.99c 1.76d 0.06 <0.01
NPR 2.27a 1.86b 1.44c 0.96d 0.09 <0.01

FER ¼ Feed efficiency ratio; PER ¼ protein efficiency ratio; NPR ¼ net protein ratio.
a,b,c,d Within a row, means without a common superscript differ (P < 0.05).

1 CAS, casein diet containing casein at the level of 10% protein, substituting
equivalent amount of starch in basal diet; JPI20, JPI40 and JPI60, diets containing
Jatropha curcas seed cake protein isolates to replace the 20%, 40% and 60% protein of
casein.
3.3. Efficiency of nitrogen utilization

The rats fed diets containing JPI had significantly lower FER
(P < 0.01), PER (P < 0.01) and NPR than those fed CAS (P < 0.01,
Table 3). There was no significant difference (P > 0.05) in DM di-
gestibility among CAS, JPI20 and JPI40 diet groups, but DM di-
gestibility of JPI60 diet group was lower (P < 0.05) than that of the
CAS diet group.

3.4. Serum characteristics, the ratio of internal organ to body
weight and histopathology

Contents of total protein and albumin were the highest in rats
fed JPI40 and the lowest in those fed JPI60, with a significant dif-
ference between these 2 groups (P < 0.05; Table 4). No significant
difference was found in blood urea nitrogen among different
groups (P ¼ 0.47). Inclusion of JPI in diets decreased the alkaline
phosphatase content (P ¼ 0.02) with significantly lower values in
rats fed JPI20 and JPI40 than in rats fed CAS (P < 0.05).

The ratio of the liver or kidney to the body weight was signifi-
cantly higher in the rats fed JPI40 and JPI60 diets than that fed the
CAS diet (P < 0.05, Table 5). The rats fed the JPI diets had a signif-
icantly higher ratio of the spleen to body weight than those fed the
CAS diet (P < 0.05). There was no significant difference in the lung
to body weight ratio (P > 0.05). No histopathological changes were
observed in the liver (Fig. 1) and kidney (Fig. 2) among rats in all
dietary groups.

4. Discussion

The protein content of the JPI was 84.4% (Wang et al., 2011b),
similar to the 89% reported by Saetae and Suntornsuk (2011). There
was a decrease in methionine, lysine and leucine contents, but an
increase in the arginine content was noted in the diets containing
increasing amounts of JPI (Table 2). Previous reports also showed
that the JPI had the highest arginine content, followed by aromatic
(phenylalanine þ tyrosine) and nonpolar AA (leucine, isoleucine,
alanine, glycine, valine, and proline) (Makkar et al., 2008; Peralta-
Flores et al., 2012). Compared with the FAO/WHO reference pro-
tein for infants (1990), the protein fractions of J. curcas provide all
EAA in sufficient amounts with the exception of lysine and tryp-
tophan (Peralta-Flores et al., 2012). Protein solubility, water and oil
binding capacities, foam forming capacity and stability, and emul-
sion activity and stability of JPI have been reported to be good
under neutral to basic pH condition (Saetae and Suntornsuk, 2011).

In the current study, there was no significant difference in feed
intake among rats fed JPI20, JPI40 and CAS diets, but the weight gain
rate was significantly lower in rats fed JPI20 and JPI40 diets than in
rats fed CAS. Based on these observations, it can be assumed that
the significant decrease in weight gain rate with the inclusion of
increased levels of JPI may not have resulted from a low feed
intake, but perhaps from a low protein utilization efficiency of
the diet. Makkar and Becker (1999) found similar results in the
evaluation of the nutritional value of the J. curcas meal obtained
from the non-toxic genotype. The growth rate was the highest with
the casein diet, followed by diets containing heat-treated and un-
heated Jatropha meals, while feed intake of the diet containing
heated Jatropha meal did not differ significantly from that of the
casein diet.

The calculated nutritional indices, such as PER (C-PER), for
J. curcas protein suggest excellent quality for animals (Angulo-
Bejaranoa et al., 2008) based on the EAA profile and protein di-
gestibility analysis. The C-PER value for protein isolate from
defatted JKM (2.16) was comparable to, or higher than the values
for regular animal feed ingredients, such as corn meal (1.1), wheat



Table 4
Serum characteristics of rats fed experimental diets.

Item Dietary treatments1 SEM P-value

CAS JPI20 JPI40 JPI60

Total protein, g/L 56.0b 59.0ab 61.2a 56.0b 1.52 0.07
Albumin, g/L 30.4ab 31.6ab 32.0a 29.7b 0.72 0.11
Alkaline phosphatase, IU/L 345.4a 298.4ab 254.2b 243.2b 22.05 0.02
Blood urea nitrogen, mmol/L 4.6 5.2 5.6 5.9 0.55 0.47

a,b Within a row, means without a common superscript differ (P < 0.05).
1 CAS, casein diet containing casein at the level of 10% protein, substituting equivalent amount of starch in basal diet; JPI20, JPI40 and JPI60, diets containing Jatropha curcas

seed cake protein isolates to replace the 20%, 40% and 60% protein of casein.

Table 5
Ratios of internal organs to body weight (%) of rats fed experimental diets.

Item Dietary treatments1 SEM P-value

CAS JPI20 JPI40 JPI60

Liver 3.10b 3.33ab 3.46a 3.53a 0.11 0.08
Kidney 0.80c 0.88bc 0.95b 1.04a 0.03 <0.01
Spleen 0.53b 0.63a 0.65a 0.71a 0.03 0.01
Lung 0.23 0.24 0.24 0.24 0.02 0.92

a,b,c Within a row, means without a common superscript differ (P < 0.05).
1 CAS, casein diet containing casein at the level of 10% protein, substituting

equivalent amount of starch in basal diet; JPI20, JPI40 and JPI60, diets containing
Jatropha curcas seed cake protein isolates replacing the 20%, 40% and 60% protein of
casein.
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flour (0.8), soy flour (1.3) and quality protein maize (1.43) (Angulo-
Bejaranoa et al., 2008; Devappa and Swamylingappa, 2008).
Although the rats fed diets containing JPI had lower FER and PER
value than those fed the CAS diet, the PER valuewas 1.76 evenwhen
JPI was included in the diet at a level of 60% to substitute casein
protein. According to Friedman (1996), a protein source with
PER < 1.5 is considered to be of low quality, whereas a protein
source with a PER > 2.0 is considered as good quality. In the present
study, the PERwas higher than or close to 2.0 when JPI replaced less
Fig. 1. Histopathological changes in the livers of rats fed diets containing casein or Jatropha c
casein at the level of 10% protein, substituting equivalent amount of starch in basal diet; JPI2
than 40% of the casein protein, reflective of the high quality of the
JPI as a protein source.

In terms of the limiting AA, the lysine contents of the JPI40 and
JPI60 groups were lower than the FAO/WHO recommended value of
5.80% of CP (FAO/WHO, 1990). A low content of lysine and a high
content of arginine in JPI-fed rats may cause an imbalance in the
proportion of these AA. Moreover, lysine and arginine exert
antagonistic function in digestion, absorption and renal reabsorp-
tion; therefore, the AA composition may lead to a decline in the
utilization of this protein. Furthermore, the decrease in protein
utilization may account for a decrease in digestibility, FER, PER and
NPR when casein was replaced with JPI in the diet of rats.

A significantly higher alkaline phosphatase activity was
observed in blood samples collected from common carp (Cyprinus
carpio L.) fingerlings fed incompletely detoxified JKM compared
with the fish on fishmeal diet, but no significant change was
found in fish fed diets containing completely detoxified JKM
(Kumar et al., 2010). In this study, phorbol esters were not
identified in JPI-fed groups (data not shown). Decreased alkaline
phosphatase levels found in groups fed JPI diets suggested that
the JPI was not detoxified completely. However, the histopatho-
logical results showed no adverse effects and blood parameters
were in the normal ranges, suggesting that JPI used in this study
urcas seed cake protein isolates (JPI) (magnification, 400�). CAS, casein diet containing
0, JPI40 and JPI60, diets containing JPI to replace the 20%, 40% and 60% protein of casein.



Fig. 2. Histopathological changes in the kidneys of rats fed diets containing casein or Jatropha curcas seed cake protein isolates (JPI) (magnification, 200�). CAS, casein diet
containing casein at the level of 10% protein, substituting equivalent amount of starch in basal diet; JPI20, JPI40 and JPI60, diets containing JPI to replace the 20%, 40% and 60% protein
of casein.
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was deemed to have non-toxic compounds. Further work is
warranted to include the detoxified JPI in animal experiments for
its practice.

5. Conclusion

J. curcas seed cake protein isolates had slightly lower quality
than casein. However, when less than 40% of casein protein was
replaced with JPI, PERwas still close to or higher than 2.0, reflecting
its high quality as a feed protein source. No histopathological
changes were observed in the liver and kidney by substitution of
casein with JKM, suggesting innocuous nature of this protein
isolate. These results indicated that JPI could be used as a protein
feed source for animals at a level no more than 40% of dietary
protein source.
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