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INTRODUCTION

The sandbox (Hura crepitans Linn.) tree is of the (Euphorbiaceae) family, indigenous to the
humid zones of the American continents. The sandbox is referred to as the dynamite tree
because of the shooting reverberations of the matured pods as they split before dropping. The
sandbox seeds are flattened, about 2 cm, arranged as carpel of 14-16 seeds in fruit capsules
of height 3-5 cm and diameter of 5-8 cm (Feldkamp. 2006; Okolie ef 2/, 2012). Consumption
of sandbox seed has been reported to cause sicknesses such as burning throat, suffocation,

headache, nausea, stomach pain, vomiting and diarrhea, while the plani#§ap coming in
contact with the eye can cause blindness. Sandbox leaves have been recogmzed (qbe used as
curatives, but the seed has not really been harnessed and used (Allex
Sandbox seed has been noted to contain a number of important prope

al., 2012; Basumataly, 2013). Sandbox seed properties,

chemical characterization have been studied (Fowom

large spreading branches (Idowu ef a/., 2012).

while the seeds were thrown away as waste
Oil extraction from sandbox seeds by e
extraction (Okolie ef a/. 2012; Muhag

extraction by solvent methods has

sconomically attractive for some oilseeds

asi, 2007; Lawson et al. 2010); bitter gourd (Umamaheshwari and
2016); neem seed (Awolu ef al. 2013; Orhevba et al. 2013); avocado
ond Haris. 1990); rice bran respectively (Sivala ef al. 1991); coconut
572/, 1991); shea butter (Olanivan and Oje. 2007); melon (Ajibola et a/. 1990);
conophor nuts (Fasina and Ajibola. 1989); peanut (Badwaik ef a/. 2012); sunflower kernels
(Southwell and Harris, 1992); African star apple seed (Ajala and Adeleke, 2014); Moringa
seed (Adejumo et al, 2013; Fakayode and Ajav, 2016).

According to Mwithiga and Moriasi (2007), seed quality is the first determinant of the

(Hammond

quantity and quality of producible oil from an oilseed, before the consideration of the process
and machine to be used. Variations in seed and machine parameters including seed size,
moisture level, preparation temperature and time, expression pressure and duration of
extraction greatly influence oil yields from oilseeds and nuts during mechanical expression
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(Khan and Hanna. 1984). It is therefore of optimum importance to control these parameters

during oil extraction for optimal oil extraction. Improper management of these variables
during mechanical expression may possibly lead to low oil yield and oil quality. Therefore,
quality lipid feedstocks and effective handing before expression are vital to achieving quality
and higher oil yield (Bamgbove and Adejumo. 2011).

Data for mechanical oil extraction from sandbox seed and process optimization of same is

however scarce. To quantify and predict oil yield from sandbox seed by mechanical expression
relatively to process factors, the Response Surface Methodology (RSM)
According to Giwa ef al (2015), process optimization where other process fa

as employed.

constant and varying one, does not correctly capture the inter-relationshi istit\g amongst

the factors. Hence, such procedure may not accurately predict thée b on of
interaction of factors that gives the optimum outcome of the e (RSM) was
developed as an appropriate statistical tool for optimization of pocesses. s the use
of Central Composite Design (CCD), Box-Behnken desig ekperimental
designs (Triveni et al. 2001). According to Hamzat and accurgte knowledge of
interactions between oil expression devices and procegfing varigh pFoves the efficiency
of oil extraction. RSM has shown to be a tool ipgeifeat qe the inter-relationship
occurring amongst process variables such as ef’ 1 e, hea¥application and heating
time, pressing pressure and duration on oil y#ld. Superior to al methods, the RSM uses

minimal experimental investigations to pre process factor combination for
optimum result(s) and also generates m equatign(s) connecting the factors and
response(s) (Giwa et a/. 2015). RSM Wik
models that can predict response such & Wcld in relation to process factors. In this work,

how process factors: moisture

een observed to significantly at (p = 0.05) increase oil yield by
ethods (Fakavyode and Ajav. 2016). The process of oil extraction from

Ajav (2016), CCRD is combining factorial, (ds), axial, (da) and central, (d.) design points
respectively. t = ZC(df) + 2¢(d,) + c(d,), represents the total number of treatments, where ‘¢’
is the number of process factors. The average experiment of the CCRD design was 32
combinations, representing T = 2°71 + 2¢ + (t,) design points, consisting of 16 factorial CCD,
10 axial points and 6 replications of the center points.

The initial moisture content of the mature sandbox seed influenced the decision of the
moisture content range selected for the experiment. There is a lack of information on
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mechanical extraction of oil from sandbox seed, its oil yield and optimization of the process.
Thus, data from previous studies on oil extraction by mechanical methods from other oilseeds
was used to carry out preliminary investigations on the sandbox seed. Results obtained
informed the varying values of process factors selected for the experiment. Values used were;
moisture content, mc (4, 6, 8, 10 and 12% wet-basis); roasting temperature, ¥t (80, 85, 90, 95
and 100°C) and time, ¥ (0, 5, 10, 15 and 20 min); expression pressure, epr (5, 10, 15, 20 and
25 MPa) and time, exim (2, 4, 6, 8 and 10 min).

Development of laboratory screw press
A five-barrel pilot screw press (Figure 1) was developed and used eriment.

into the base of the screw press barrel, and 500 gram sample [©f the g box was
placed on the wire gauze and another piece of wire gauze ‘ @ spécimen. The
25 MPa mark was got with a spring gauge as a point w could not push

the sample any further. Pitch lengths were used to fire points; 20, 15,

10 and 5 MPa respectively. The multiple barrel p opted to easily cover

the multiple experiments carried out.

Preparation of sample
About 100 kg of mature sandbox fruits were collgcted fronj under the trees in Uyo metropolis,
(Figure 2) were cracked to remove

the kernel (mesocarp) (Figure 4).

Figure 3. Sandbox seéds. Figure 4. Sandbox kernels.

Moisture content determination

Initial moisture content of the sandbox seeds was determined using ASABE standard for
oven drying method as adopted by Olaoye (2000), Ozguven and Vursavus (2005), Fakavode
and Ajav (2016) and Onwe et a/ (2020) for castor nut, pine nuts, African star apple and
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Moringa seeds respectively. Three 50 g ground samples of the sandbox box seed designated
A, B, C were used for the experiment. The three different samples were placed and dried in
the oven at 105°C and weighed after 6 hours and subsequently at intervals until a constant
weight was attained. Equation 1 below was used to calculate the mc (wet-basis).

MC (% w.b.) === x 100 1)

W: = initial sample weight and Wr= final sample weight

1 kg each of the samples were subjected to 4, 6, 8, 10 and 12% wet i content
respectively using Equation 2 as adopted by Olajide (2000): Fakay '

Q= (G, ~ 1) * W

After that, the samples were stored in
moisture content for the experiment.

Experimental procedures
From the already conditionedgss

e hotplate temperature. A frying pot was placed on

prnometer probe was used to check the pot temperature
re obtained before pouring the sandbox seed samples for
o time the roasting periods for 0, 5, 10, 15 and 20 min

left to dra@ into containers for three days before the weight of the oil was determined
(Weiss, 2000
groundnut oil yield determination.

Dil yields were determined by Equation 3, used by Bello and Daniel. (2015) for

Wieght of oil expressed

0il Yield (%) = 100 3)

Wieght of sandbox seed sample before pressing
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Response Surface Methodology (RSM)

The experiment was designed using a software package of RSM Design Expert (6.0.6). The
software generated sets of combinations of experimental factors when their ranges were
keyed in. These combinations of factors were used for the experiments. The oil expressions
were carried out using these combinations. The percentage of expressed oil for each
experiment was keyed in as the response of the particular combination. The Design Expert
contains four different models, which include the linear, the two factorial interactions (2FI),

the quadratic and the cubic models respectively. These four models analyses ghe outcome of

the experiments in terms of the probability of error value (p-value) an

determination (R?), which are statistical parameters indicating the d tionship
between process factors and oil yield. The decision on the best model fo ssion
process was based on their p and R2 values. The chosen model wa# o Analysis Of
Variance (ANOVA) to further prove the model’s level of significafice and xplaining
the relationship between the process factors and oil yield. Thfen Retwéen-subjects
of effects of processing conditions on oil yield were a o Windbws 20.0 SPSS
statistical software package. Combination conditi € optimal for oil

expression by the model were used to conduct fr validation. Then, the
results from real experimental and model pre

similarities.

RESULTS AND DISCUSSION

The m01sture content of 6.12% Wb was ol as the initial moisture content of the sandbox

0 process conditions of 6% moisture content, 85°C
g time, expression pressure of 20 MPa and 8 min

42.70% oil yield using petroleum ether. According to Bockisch

vent extraction produces better oil yield when compared to other

also biological and environmental conditions (Anwar ef 2/, 2006; Orhevba et al. 2013).
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Table 1. Oil yield from sandbox seed at various processing conditions.

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Response
Run A: mc By C: ¥tm D: ep: E: eXtm Oil yield
(%) %) (min) (MPa) (min) (%)
1 8 90 10 15 6 36.14
2 6 85 5 10 8 32.77
3 6 95 15 10 8 35.09
4 10 9 15 10 4 23.66
5 8 90 10 15 2 16.38
6 8 90 10 15 6 35.00
7 10 85 15 20 4 24.43
8 8 90 10 15 10 37.02
9 8 80 10 15 67 N\ 32.66
10 4 90 10 15 6 32.22
11 8 90 10 15 e\ 3622
12 6 85 15 10 4 24.68
13 8 90 10 15 P 0
14 10 95 5 20 4 19.44
15 10 85 5 20 f M, O\ 2500
16 8 100 10 15 6 36.00
17 6 95 15 2 W N 7 2500
18 6 95 5 10 4 21.66
19 8 90 20 A T W o 34.33
20 8 90 10 15 6 36.77
21 10 95 15 M 20 VW 8 32.88
9 8 90 10 5 6 18.66
23 8 90 10 2\ W y 6 30.00
24 12 90 10 , 15 6 20.49
25 6 95 5 4 b 2 8 30.66
26 10 85 5 10 4 24.99
27 8 90 10\ 157 6 35.66
28 8 90 0 15 6 18.62
29 10 95 w 5 QO 4 10 8 32.54
30 10 85 15 _ 10 8 34.65
31 6 85 \ 9. 20 8 38.68
32 6 85 5 20 4 23.11

Where mc = moisture content of sandb ng tem,rature, ¥tm = Roasting time, ep, = Expression pressure and

exXtm = Extraction time

The oil recovery f increased substantially at the moisture content
range of 4-8% wb, i he moisture level exceeded 8% wb (Figures 5-6). This

iquid phase absorbs the expression pressure and debar it from
, thereby, decreasing oil yield.

rew oil
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Figure 5. Extraction time and moisture content against oil yield.
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Figure 6. Roasting temperature and moisture content against oil yield.

(Figs. 6-7). Roasting temperature has bee
enhance oil yield (Costa er a/, 2014; Terigar
Fakavode and Ajav. (2016), expected oil yield ot be ggt from oil samples at lower heating
temperatures. At the same time, roas®
them to resist applied pressure during @etion, and thus, leading to lower oil yield. In

comparison, the roasting tem

The sandbox seed i roasting at 90°C was suitable heat treatment to
release optimum

38.31

0, i, et t et e
OIL YIELD % 3,4, 7 3’:’:‘:::53:‘“::
30.90 ‘::‘\::\\\W

2719 ot
2349

" 100.00
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Figure 7. Roasting time and roasting temperature against oil yield.
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38.24
OIL YIELD % %™ 555505550
31.16 L 2RISR
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27.63
24.09

and shea kernel respectively (Olanivan and
20143).

Roasting the sandbox samples up to 15
observed that the oil yield was least foy
roasting time. The unroasted sampleS¥meldi lowest oil is an indication of the

importance of heat-treating oil sampl ofOTe raction. Sandbox oil yield decreased at

inversely proportional . ic Wecosity. Thus, as heat treatment progresses,
kinematic viscosity o

et al. 2000; Akintunde et al. 2001). This phenomenon enables the
fl from the oil tubes into the inter-grain vacuum (Adeeko and Ajibola. 1990).

emergence Of
This occurrénce could be obtained at higher roasting temperatures and short time
respectively, while extended roasting time at higher temperatures causes drastic drop in

moisture content, leading to hardening of oilseeds which results in decrease in oil yield. The
sandbox oil yield was highest when seed samples were roasted at 85°C for 15 min (Figures 7-
8). Similar conditions were reported for groundnut and sheanut (Adeeko and Ajibola, 1990;
Olajide, 2000; Ajav and Olatunde, 2011).

The sandbox oil yield was observed to increase with increase in expression pressure of 5-

20 MPa, which decreased as the pressure increased to 25 MPa (Figures 8-9). It was observed
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that the pressed sandbox mash slurried and clogged the screw press oil holes and overflowing
the pressing plate at pressure above 20 MPa. This may be that at pressing pressure beyond
20 MPa, the sandbox oil bearing capillaries were crushed, hence blocking the flow of oil.
Bamgboye and Adejumo (2011) observed that seed cells rupture during oil expression due to

pressure on seed cell walls, which causes them to release their lipid contents. Conversely, as
the applied pressure increases, oil capillaries are repeatedly compressed, disrupted and could
eventually become blocked (Ward, 1976). This finding on sandbox seed is similar to reports
on other oilseeds and nuts: groundnut, rice bran, melon, roselle, dika, soybean, conophor
(Fasina and Ajibola, 1989; Adeeko and Ajibola, 1990; Ajibola et al, 1990; Si&et al., 1992;
Akintunde et al, 2001; Bamgboye and Adejumo, 2011; Ogunsina et al.,

The sandbox oil yield increased with increase in expression time from 2

as the pressing time exceeded 8 min (Figure 9). The result is sj

\“‘::\‘:.\\\
““““\
o

€Xtm (Min)

Models
Statistics Linear 2Factorial Interaction Quadratic Cubic
Sta@gd Deviation, SD 4.84 5.86 3.72 2.21
R2 0.5623 0.6053 0.8907 0.9789
4 Mean 29.39 29.39 29.39 29.39
Adjusted R2 0.4781 0.2353 0.6921 0.8909
Coefficient of Variation, C.V. 16.47 19.93 12.65 7.53
Predicted R2 0.3910 -2.1284 -1.8079 -19.9477
PRESS 847.71 4352.06 3906.19 29140.84
Adequate Precision 9.272 5.449 7.280 10.349

PRESS = Predicted Sum of Square.
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Mathematical relationship for predicting oil yield from sandbox relatively to the process
factors is given in Equation 5.
OY = 35.35 — 1.5mc — 0.03%¢p + 2.5%tm + 0.49¢pr + 4.8extm — 1.91me2 + 0.086%p2 — 2.41ep? —
1.83extm? + 0.39mceywypy — 0.098mewim — 1.09mcepr — 0.64mceexim — 0.27¥tp¥tm + 0.058¥tpep +
0.47¥tpeXtm + 1.04%tmepr + 0.74%tmeXtm — 0.30epreXtm (5)

[SD = 3.72, R2 = 0.8908, Mean = 29.39, Adjusted R2 = 0.6922, C.V. = 12.66, Predicted R2 = —
1.8061, PRESS = 3910.93, Adequate Precision = 7.301 and F-value of 4.49 (Taples 2 and 3)]

From the equation, the oil yield varies directly with factors witk
with factors with negative sign. The values of “Prob > F" 1
as Yem, €Xtm, MC2, ¥tm2, £pr2, and exim?, represents significa
extraction.

Table 3. ANOVA for Response Surface Quadrati del

Source Sum of squares DF Mean square F value Prob > F
Model 1241.52 20 K 62.08 ) AT 0.0069°
me 58.56 1 58.56 4.23 0.0642
Yo 0.022 1 WA 0022 ) 0.0016 0.9688
¥om 151.76 1 151.76 10.97 0.0069
Epr 5.82 \ L9 T 582 0.42 0.5299
Etm 568.13 1 568.13 41.06 0.0001s
me? 106.76 N VW 106.76 7.47 0.0180¢
Tip? 0.22 1 . 022 0.016 0.9026
Fm? 10345 WA N\ 103.43 7.47 0.0194s
Epr? 171.01 1 171.01 12.36 0.0048s
Etm? 23 Ao 1) 98.39 7.11 0.0219
meyep 2.44 1 2.44 0.18 0.6825
MCY¥tm P 015 QW 1 0.15 0.011 0.9179
mcepr 18.86 1 18.86 1.36 0.2677
mceim o\ B Yy 1 6.46 0.47 0.5084
Vep¥m 1.14 1 1.14 0.082 0.7795
I 4 \ 0.05 Gn” 1 0.054 0.004 0.9513
Yip€im 3.51 1 3.51 0.25 0.6246
YomEpr 17.28 1 17.28 1.25 0.2875
YmEtm 8.69 1 8.69 0.63 0.4449
EtpEim 1.47 1 1.47 0.11 0.7506
Residue 152.21 11 13.84
Lack of fit 149.68 6 24.95 49.25 0.0003
Pure Error 2.53 5 0.51
Cor Total 1393.74 31

The quadratic model had a high R2 of 0.8908 and very low p-value of less than 0.0001 and
thus was concluded to be significant (Table 4). The R2of 0.89 is an indication of a direct
relationship between the oil yield and the process factors, showing 89.08% confidence that
the model explained 89.08% of every irregularity as regards the process factors and oil yield.
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Table 4. Test of between-subjects effect of process conditions on oil yield from sandbox seed

Source df Mean Square F Significance
Corrected Model 27 51.439 86.003 0.0001s
Intercept 1 10656.051 17816.504 0.0001 s

mc 3 67.567 112.970 0.0001s

Ftp 2 4.189 7.004 0.049

Ftm 2 122.883 205.456 0.0001s

€pr 2 124.977 208.957 0.0001 s
€Xtm 2 164.746 2175.449 O.}Ol s
Error 4 0.598

Total 32

Corrected Total 31

release optimum oil yield from it. The sandbox
holes and overflowing the pressing plate at p

optimal sandbox oil yield were deter
and Adejumo (2011); Olajide et al (2
Akubude ef 2l (2017) agrees with this

Model validation AQ

P(2014); Aremu and Ogunlade (2016);
ards mechanical oil expression.

«, 105
o ~~
5 e\o’ 100
qgi el = | * *¢
— B>
RS : 95 —u @ Actual
B o |
5% % o el
S g o = |
g ¢
A 85 +——— —

80

80 85 90 95 100 105
Experimental oil yield of sandbox seed (%)

Figure 10. Predicted oil yield against actual oil yield

A similarity plot of correlation relationship of the laboratory results and predicted results
of o1l yield from the sandbox seed is shown in Figure 10. The R? of 0.8908 of the relationships
is an indication of high correlation between the predicted oil yield values and the values
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gotten from the actual experiment. This is an indication that without distortions that
accompany practical experiments, the model represents a reliable equivalent for the
estimation of extractable oil from sandbox seed by mechanical means within the range of
process variables studied. At the range of process factors: 8-12% wb moisture content, 80-
100°C roasting temperature, 0-20 min roasting time, 5-25 MPa expression pressure and 2-10
min expression time, the maximum oil yield of 38.68% was obtained at 6% wb moisture
content, 85°C roasting temperature, 15 min roasting time, expression pressure of 20 MPa and

8 min pressing time, while the predicted optimum oil yield was 38.95%gat processing

conditions of 7.03% moisture content, 97.72°C roasting temperature, 11.32 min ¥asting time,

CONCLUSION

Oil extraction process from sandbox seed

38.68%. The 38.68% oil yield, which was t
combination of 6% wb moisture content, 85°
20 MPa expression pressure and 8 mi
was 38.95% at 7.03% moisture content
extraction. Experiments carried out under

time, 15.11 MPa expression pa 4
d an oil yield of 38.90%, validating the predicted

in E

OF COMPETING INTEREST
The authors@eclare that they have no conflict of interest.

CREDIT AUTHORSHIP CONTRIBUTION STATEMENT

David Nwabueze ONWE: Conceptualization, Sample collection, Methodology, Investigation,
Data collection, Analysis, Validation, Writing of Report.

Adeleke Isaac BAMGBOYE: Supervision, Visualization, Review, Correction and Editing of
Report.



ONWE and BAMGBOYE / Turk J. Agr Eng Res (TURKAGER), 2021, 2(2), 434-449 447

REFERENCES

Abidakun OA, Koya OA and Ajayi OO (2012). Effect of expression conditions on the yield of Dika Nut (Irvingia
gabonesis) oil under uniaxial compression. In: 2012 International Conference on Clean Technology and
Engineering Management (ICCEM 2012), 12th-15th, p. 315-320. Mechanical Engineering,Covenant
University, Ota, Nigeria.

Adeeko KA and Ajibola OO (1990). Processing factors affecting yield and quality of mechanically expressed
groundnut oil. Journal of Agricultural Engineering Research, 45(1): 31-43.

Adejumo BA, Alakowe AT and Obi DE (2013). Effect of heat treatment on the characteristigs and oil yield of

C]zemzstl'y, 2012/ID 873046.
Ajala AS and Adeleke SA (2014). Effect of drying temperatures on physj
african star apple (Chrysophyllum alibidum) seeds. Global Jour
(GJ. ED.T), 3(3): 12-16.

Ajav EA and Olatunde OB (2011). Mechanical oil expression fr achislypogaea). held between

October 17—20 at Ilorin, Kwara State In: Proceedings of t 1 ference and 32nd Annual
General Meeting of The Nigerian Institution of Agricultur

Ajibola OO, Adetunji SO and Owolarafe OK (2000). Oil me seed. Ife Journal of Technology,
92): 57-62.

Ajibola OO, Eniyemo SE, Fasina OO and Adeeko
Journal of Agricultural Engineering Research, 45:

Ajibola OO, Owolarafe OK, Fasina OO and
Agricultural Engineering, 35° 83-88.

Akinoso R, Igbeka J and Olayanju T (2006). Proge
indicum Linn.). Agricultural Eg Vel

ression of oil from sesame seeds. Canada

Akubude VC, Maduako J ; A an AM, Ozumba IC, Nwosu C and Ajala OE (2017). Effect of
process paramete, il yi ghanically expressed from almond seed (Using Response Surface
Methodology).

Allen TF (2000). I e Encyclopedia of pure material medical. Homeopathe International, , pp. 1-

Alonge AF, Ola j and Agbaje CO (2003). Effects of dilution ratio, water temperature and pressing
3 nut oil expression. Journal of Food Science and Technology, 40: 652-655.

Awolu 00, Ob&@¥e RO and Ayodele BS (2013). Optlmlzatlon of solvent extraction of oil from neem (Azadirachta
indica) and its characterizations. Journal of Scientific Research and Reports, 2(1): 304-514.
Badwaik LS, Prasad K and Deka SC (2012). Optimization of extraction conditions by Response Surface
Methodology for preparing partially defatted peanut. International Food Research Journal, 19(1): 341-346.
Bamgboye Al and Adejumo OI (2011). Effects of processing parameters of roselle seed on its oil yield. International
Journal of Agricultural and Biological Engineering, 4(1): 82-86.
Basumatary S (2013). Non-conventional seed oils as potential feedstocks for future biodiesel industries: A Brief
Review Research Journal of Chemical Sciences. 3(5): 99-103.
Bockisch M (1998). Fats and Oils Handbook. Manuals by AOCS Press.



ONWE and BAMGBOYE / Turk J. Agr Eng Res (TURKAGER), 2021, 2(2), 434-449 448

Bello EI and Daniel F (2015). Optimization of Groundnut Oil Biodiesel Production and characterization. Applied
Science Report, 9(3): 172-180.

Box GPE, Hunter WG and Hunter JS (1978). Statistics for Experiments. John Wileyand Sons Inc, pp. 335-375,
New York.

Clarke JH (2000). Hura crepitan. A Dictionary of Practical Material Medical. Homeopathe International, 1-2, New
Delhi, India

Costa SS, Gariepy Y, Rocha SCS and Raghavan V (2014). Microwave extraction of mint essential oil-temperature

calibration for the oven. Journal of Food Engineering, 126- 1-6.

Ebewele RO, Iyayi AF and Hymore FK (2010). Considerations of the extraction process and potential technical
applications of Nigerian rubber seed oil. International Journal of the Physical Sciences, 54)° 826-8351.

Elkhaleefa A and Thab Shigidi I (2015). Optimization of sesame oil extraction process conditiohs. Advances in
Chemical Engineering and Science, 5 305-310.

Fakayode OA and Ajav EA (2016). Process optimization of mechanical oil expressi
oleifera) seeds. Industrial Crops and Products, 90 142-151.

Journal of Agricultural Engineering Research, 46 45-53.
Feldkamp S (2006). Modern Biology. Holt, Rinehart, and Winston. p. 61
Fowomola MA and Akindahunsi AA (2007). Nutritional quality of sa

of Medicinal Food, 10(1): 159-64.

Giwa A, Bello A and Giwa SO (2015). Artificial Neural Networ

fresh grated Coconut. Tropical Science, 31° 73-81.
Hamzat KO and Clarke B (1993). Prediction of oil yiel
oil yield. Journal of Agricultural Engineering Res
Hashim AB, Giwa SO, Ibrahim M and Giwa
sesame seed using Response Surface
Management Studies (IJSRMS), 2(1): 1-15.
Idowu DO, Abegunrin TP, Ola FA, Adediran

Engineering Intern : of Scientific Research and Development, 04 (007): V1.
Kagwacie OC and An . ocessing conditions on solvent extraction of oil from rubber seeds.
Journal of Agrg .
Khan LM and . ression of soybean oil, Transaction of the ASAE, 27(1): 190.
Lawson OS, i 0 and Ojomo AO (2010). Evaluation of the parameters affecting the solvent
i RPN Journal of Engineering and Applied Sciences, 5(10).
Marti A, Ribota PD and Maestri DM (2013). Screw press extraction of almond (Prunus
ebb): Oil recovery and oxidative stability. Journal of Food Engineering, 119: 40-45.
Matth3 nology. S.K. Gupta (ed.), Technological Innovations in Major World Oil Crops, 2.
Muhamm® N K2 AA and Adeniyi OA (2013). Chemical composition of hura crepitans seeds and

antimicr@Beal activities of its oil. International Journal of Science and Research (IJSR), 2(3).

Mwithiga G an@Moriasi L (2007). A study of yield characteristics during mechanical oil extraction of preheated
and ground soybeans. Journal of Applied Sciences Research, 3(10): 1146-1151.

Nwanorh KO (2015). Extraction and characterization of oil from Hura crepitans (sandbox tree). International
Research Journal of Education and Innovation, 1(5).

Ogunsina BS, Koya OA and Adeosun OO (2008). Deformation and fracture of Dika nut ([rvingia gabonensis)
under uni-axial compressive loading. International Agrophysics, 22: 249-253.

Ogunsina BS, Olatunde GA and Adeleye O (2014). Effect of pre-treatments on mechanical oil expression from
Dika kernels. Journal of Agricultural Technology, 10(2): 309-319.

Okolie PN, Uaboi-Egbenni PO and Ajekwene AE (2012). Extraction and quality evaluation of sandbox tree seed
(Hura crepitan). Oil World Journal of Agricultural Sciences, 8(4): 359-365.



ONWE and BAMGBOYE / Turk J. Agr Eng Res (TURKAGER), 2021, 2(2), 434-449 449

Olajide JO (2000). Process Optimization and Modling of Oil Expression from Groundnut and Sheanut Kernels. A
Ph.D. Thesis. Department of Agricultural Engineering, University of Ibadan, Nigeria.

Olajide JO, Afolabi JO and Adeniran JA (2014). Optimization of oil yield from groundnut kernel (Arachis
hypogeae) in a hydraulic press Using Response Surface Methodology. Journal of Scientific Research and
Reports, 3(14): 1916-1926.

Olaniyan AM and Oje K (2007). Development of mechanical expression rig for dry extraction of Shea butter from
shea kernel. Journal of Food Science and Technology, 44(5): 465-470.

Olaoye JO (2000). Some Physical Properties of Castor Nut relevant to the Design of Processing Equipment.
Journal of Agricultural Engineering Research, 77 (1): 113-118.

Olatidoye OP, Adeleke AE, Adegbite SA and Sobowale SA (2010). Chemical compositi
evaluation of sandbox (Hura crepitan) seed flour for domestic consumption and indus
Medical and Applied Biosciences. 2 72-83.

Onwe DN, Umani KC, Olosunde WA and Ossom IS (2020). Comparative analysis of hysical
and mechanical properties of two varieties of African star apple (Chrysophyl, 1
engineering design. Scientific African, 8, e003083.

Orhevba BA Chukwu O, Osunde ZD and nguagwu A% (2013) Influence o

and nutritional

of Food Engineering, 68° 191-196.
Pominski J, Pearce HM and Spadero JJ (1970). Parti
pressing. Food Technology, 24(6): 92-94.
Sivala K, Bhole NG and Mukherjee RK (
Agricultural Engineering Research, 50- 81
Shonekan FO and Ajayi JO (2015). The bioche

Science, 82° 251-256.
Terigar BG, Balasubramani

. T sing high oil content seeds in continuous screw press. Journal of American Oil Chemist
¢ 53, 261-264.
Weiss EA (2000POilseed Crop. pp.131-164, 2nd ed. Blackwell Longman Group Ltd, USA.
Yusuf KA, Olaniyan AM, Atanda EO and Sulieman LA (2014). Effects of heating temperature and seed condition
on the yield and quality of mechanically expressed groundnut oil. International Journal of Technology
Enhancements and Emerging Engineering Research, 2(7): 73-78.



