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Abstract

:-\_‘.Str -

digi!ata) " ; ical ¢ mposition of
! neal was investig: o
processing methos. sifiock gated. Baobab seeds were

150°C fi i ki aving (0.15MPa for 30mins), toast;
e(md siev:(; 3.]th;"an) and soaking (72 hours) in water and pulp. The :eetjl;ljxtr:r:u :iil:j]
anti-nutriti;)nal EOﬁ:[;gl'sE;:ieo?r\,‘:E?:lg;n; arpinz acids profile; the mineral ut;n;ent and
i ermined using standard methods. The ¢
prptem content of processed meals ranged from 22.84+0.13 10 26 423(()13. E » e
acids of processed seeds we e 4220.13%. Amino

! ; re signiﬁcantly (p<005) the same ) 103
mineral in the processed meals are; calcium (5.71+0.00-7 61?52(1320} ;fe m;n%v'b .
(3.2910.0]-3.6510.00%); manganese (0.0022+ 0. 0.35% ) andthose o

: 0.00-0.0283+0.35%) and th

‘ivae(;eo gil glgher than the values recorded in raw sample. Sapon)i:2 (6 l(?;ita;%f;
egwords: — 20.00£10.00 mg/100g) and- oxalates (170.67410.41-231.67+1041 mg/100g)
Baoegbabé]:;f mgﬁg , :&lzl(;m;:::tl(lmfh weretlo“:'elrm ?rocessed, compared to raw seed meal. The result of this
Feh feed, Process [reveals the potentials of processed baobab meals l

mlszds' poe e e as a replacement for soybean

subjected to four

[ntroduction

Fish meal, despite being the highest quality source of protein for fish feed, must be used more sparingly
to improve profitability and sustainability of aquaculture (Falaye et al., 2011). Several sources of plant
proteins have been evaluated as partial or complete replacements for fish meal in fish diets. Soybeans
protein products are good substitutes for animal products because of their complete protein profile that is
essentially identical to the protein of other legume seeds and pulses (Mambrini ef al., 1999). However,
wider utilization and availability of soybean for fish feed is limited by increasing demand for human
consumption and by other animal feed industries (Fagbenro et al., 2013). This has hindered the
expansion and profitability of aquaculture enterprise in many developing countries, hence there is need
tolook for cheaper alternative protein source for the development of low-cost fish feed that can replace
this conventional feedstuff without reducing the nutritional quality of the diets (Jimoh et al., 2014).
Baobab is widespread in Africa and its seed is one of the lesser-known, ignore_d and underexploited
seeds with high protein and caloric content (Yusuf ef al., 2008). Some anti-putritanal factor§ han: also
been reported in baobab seed (Osman, 2004). One of the ways to exploit the full potential of non-
“nventional seeds as fish feed is to explore the potential of processing metl}ods to reduce the todxtlc
‘s",bsmﬂces and increase the nutritional composition of the seed meal. Processing has been rt?p(:il‘fe DO
timinate a number of anti-nutritional factors present in the baobab seeds (Ezeagu, 2005 CI'tebmbag
Auwe ef al., 2009). Processing methods may also reduce the nutrient and minerals present in bao
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seed meal. This can be ascertained by determining the amino acid, m".’;lmlr’ ar;ﬂc;; . Ktmh‘::'“ m"‘ﬂ'-'.n,,"
i s . a - ~ L] s I b 1
otthemea].Asa\myot‘evulunlinglhc polcnlmlothaobnbsccd1(; possi il tlp e 0)’3 ilniﬂc.‘tlmli._h
teed, the efficiency of four processing methods, such as soaking, autoclaving an roasting , the

changes in composition of baobab seed meal was assessed in this study.
Materials and Methods

Collection and processing of baobab seeds ; '
Baobab fruits were collected from the vicinity of the University of Ibadan, Oyo State, Nigeri, Baogy,

seeds were removed from baobab pods, sorted, washed and dried to attain a constant weight T, seeqs
were milled and sieved to obtain raw baobab seed meal (RBSM). The remaining baobab seeq mealg

were processed as follows:

Autoclaving: Washed and dried baobab seeds were autoclaved at 0.15 MPa for 30 minutes ang drieg
an oven at a temperature of 70°C for 3 hours (modified method of Falaye e/ al., 2014). The seeq; Were
milled and sieved to produce autoclaved baobab seed meal, ABSM.

Toasting: Washed and dried baobab seeds were placed in a tray and put in ks until the temperapyr,
reached 150° C for 30 minutes in line with the procedure used by Olaitan ef al., (2014), Tpe mea

produced was designated as toasted baobab seed meal, TBSM.

Soaking inwater: Dried seeds were soaked in water (1:3 kg/litres) for 72 hours, sundried and roasteg at
70 °C for 30 minutes (modified method of Sola-Ojo et al., 2013). Its meal was designated as soaked in

water baobab seed meal, SWBM.

Soaking in pulp: Part of the seeds (with pulp) were soaked in water (1:3 kg/litres) for 72 hours as
suggested by Sola-Ojo et al. (2013), sundried and roasted at 70°C for 30 mins. The meal produced was

designated as soaked in pulp baobab seed meal, SPBM.

Chemical Analysis of Meals
The percentage of the crude protein, crude fibre, moisture content, dry matter, ash content, fat content

and nitrogen free extract in the differently processed baobab meals were determined by using the
methods described by AOAC (2005).

The concentration of some selected minerals (Na, K, P, Fe, Zn, Co, Mg, Ca, Zn) were determined
using atomic absorption spectrophotometer (AAS model: Perkin Elmer (R) 2380, USA 1976) according
to AOAC (2005) method.

Amino acids compositions were determined using ion chromatography in an Amino Acid Analyser
witha procedure that complies with the requirement of AOAC (1995).

Phytate in the sample was determined using the bipyrimidine colorimeter method described by
Onwuka (2005). Oxalate was also determined by the method described by Onwuka (2005). The tannin
content of the sample was determined by Folin-Denis colorimetric method (Harborne, 1998). Saponin
was evaluated by the double solvent extraction gravimetric method (Harborne, | 998).

Statistical Analysis
Data obtained were subjected to one-way analysis of variance (ANOVA ) using statistical software SPSS

(22.0) and the means were separated by using Duncan new multiple range test at 5% level of probability.
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8440.0 et 797

( . k& |
n ATBM‘ while the lowest, 22.84+0.13v w./“- “‘Chlgh‘-"‘l crude protein 2¢

I
@O (5% in TSBM to 21.23+0.06% in ATBM as recorded in TSHM ¢
Q002 7 60+0 03% in SPBM. The hi » While the crude fit ~ fu_lt_lc fat ranged froy
\\;11\1&-\1 ‘ -i : t o . ¥he highest crude ash WaS rec- ; re r’_‘”%‘?dtrr)m ¥ mm;n,a’-.,',“
W gificantly fowest vaiie futs recorded in SPBM, 6,494 sorded in SWBM 7.2740,025%, wh ¥
0 0g+0.] | % was recorded in TSBM while the lowest was rcéﬁor‘de(ﬁl ':}I‘J(;;I;"gheqt nitrogen free :‘*m:j
. I 236():0 1:1)0/0. R

C
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r, While

17403 110/
aIV.3 CRH T

. Proxi compositi " differe
pable I} proximate compositions of differently processed baobab
saysboan e seed meals and typical values of

/

Pt _—— RSBM TSBM ATBM s

Joisture content 7.140.01°  6.84+0.05  7.41+0.02° - —— "SBM
e protein 23.1340.12° 22844013 26.42+0.13" 27456@-"2‘, 79340010 630
crude fi 192240.03°  19.00+0.15  21.23+0.06 20“;5-:0—13; 245940.1° 3751
" 6901001° 655101  6881001° 6495001 727007  ser

_ . c
yimogen Free Extract 28.82+0.07 29.98+0.11 26054003 23604016 28534017 3133
= DTV 31,

Vaues with diﬂ'er;g;ssup;r;;riplts were significantly difterent (p<0.05)  *SBM: Soyabean Meal (Adapted from FAO, 1997)
SBM: Raw Bao eed Mea TSBM: Toasted Baobab See o

: d Meal
4TBM: Autoclaved Baobab Seed Meal SPBM: Soaked in Pulp Baobab Se:ed Meal
SWBM: Soaked in Water Baobab Seed Meal '

The highest total phosphorus was recorded in TBSM, 0.72+0.00% while the lowest was recorded in
SPBM, 0.48+0.001% (Table 2). The value recorded for calcium ranged from 4.36+0.00% in RBSM to
761+0.06% recorded in SWBM. The highest magnesium was recorded in ATBM, 2.01+0.00% while
the lowest was recorded in SWBM. SPBM recorded the highest potassium (3.6510.00%). The sodium
recorded ranged from 0.33+0.00% in TBSMto 4.43%in SWBM (table 2).

SPBM recorded the highest manganese, iron and copper of 283.25+0.35mg/kg, 2292.50+3.54mg/kg
and 21.28+0.04mg/kg respectively (Table 3), and RBSM recorded the lowest manganese of
2048+0.04mg/kg; TBSM recorded lowest values of iron and COpPer; 1205+0.00mg/kg and
17.93+0.00mg/kg respectively. ATBM recorded the highest zinc, 22.43+0.04mg/kg, while the lowest value

of zinc, 18.53+0.00mg/kg was recorded in SWBM. o B
All the amino acids analysed for raw and processed baobab seed' were not §|gn1_ﬁcant1¥ differentat
p<0.05 (Table 3). The values reported for cystine, lysine, threonine, arginine, isoleucine, leUCl'ne,
histidine, phenylalanine,serine, proline, alanine, aspartic acid , and glutamic aled in soya}:?ag —“erz
higher than those recorded for proces 2ble 4). The value of methione, ¥ stinean

sed baobab seed meal (T: . e afih
lysine recorded for processed baobab seed meals were lower thanthe required level for catiisit
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+SBM: Soyabean Meal (Adapted from Fitzsimmons &/ al., 2015) 4 T'".;;ffdé ZL;;S -‘-:’rll‘gz"w il e
RSBM: RawBaobabSeedMeal Y Bﬂ. Soaked ulp BaoP bSeed et
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ssed paobab seed meals and typical values of

SWBM: Soakedin

Table 3: Micro mineral com
soyabean meéd

d .
. 21.0310.04" 15.00

Manganese 20.48% + s 00 0
[ron 1262.5 b 1205.00+0.00

19.3540.01 ; 20.33£0.04 21.28+0.04
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Table 4: Anl}ino acids compositions and total ami _
typical v alues of soyabean meal amino acid of processed baobab seed meals and

parameters (%o inCP) RSBM TSBM ATBM

SPBM  SWBM *SBM  *Catfish requirements

Methionine 1.41 1.55

C,ys.tine 175 177 II ‘;2 : ‘-‘ﬁ, llg;'sl 1.10 23
Lysine 4.79 4.89 4.78 4.76 i 2.30 #2.9-4.0
Threonine 2.89 3.04 2.90 2'82 2'68 Wi B e
Arginine 1041 1092 1071 1031 |-80 410 2022
Isoleucine 3.43 3.62 3.49 3 j_f 30.18 7.98 43
Leucine 632 665 638 619 631’::3 o ¢
Valine 4.69 4.97 4.75 4.47 4.54 bl 33
Histidine 224 235 2.28 2.21 218 3-07 3.0
Phenyl alanine 446 472 455 442 437 5'72 .
Glycine 4.48 4.76 4.57 441 . 439 42; Ed
Serine 484 508 491 481 474 538

Proline 342 369 353 3} 327 682

Alanine 419 441 421 409 409 443

Aspartic acid 855 -9.08 873 84l 836 1245

Glutamic acid 2065 2290 2202 2159 2122 19.98

Total amino acids (%) _89.53 9440 91.12  88.46 87.42  91.90

Valucs without superscripts arc not significantly diffcrent (p<0.05)

+Adapted sources: Jurgen, (1 998); Wilsonand Robinson, (1982)

SBM: Soyabean Meal RSBM: Raw Baobab Seed Meal TSBM: Toasted Baobab Seed Meal

ATBM: Autoclaved Baobab Seed Meal SPBM: Soaked in Pulp Baobab Seed Meal SWBM: Soaked in Water Baobab Seed Meal

Table 5: Anti-nutritional composition in differently processed baobab seed meals and typical values of
soyabean meal

Parameters RBSM TSBM ATBM SPBM SWBM *SBM
mg/100g
Saponins 131.67+7.64°  61.67+2.89" 105.00+5.00°  120.00+10.00° 120.00+5.00° 600
Tannins 21333+10.41°  250.00+13.23°  278.3317.64° 216.67+1041" 228337.64" 293
Oxalates  276.67+10.41° 171.67x1041° 216.6747.64°  2283347.64° 231 67+10.41° NM
Phytatess ~ 41.67+2.89"  111.67 +7.64°  131.6742.89" 160.0045.00°  51.67+5.77° 212

*SBM: Soyabean Meal (F itzsimmons et al., (2015) and El-Shemy, (2000)
Values with difterent superscripts are signiticantly different (p <0.05)

RSBM: Raw Baobab Seed Meal
TSBM: Toasted Baobab Seed Meal ATBM: Autoclaved Baobab Seed Meal

SPBM: Soaked in Pulp Baobab Seed Meal SWBM: Soaked in Water Baobab Seed Meal
NM: Not mentioned

Discussion

Processing improved the crude protein of ATBM, SPBM and SWBM. The reduction in crude protein,
crude fat, moisture content and ash of TSBM might be due to the temperature (150°C) used in toasting
the seeds. The temperature might have denatured the crude protein. The crude protein content of the
processed baobab seed meal recorded in this study was lower than the value reported by Sola-Ojo, et. al.
(2011); Yusuf et al., (2008) and higher than the value of 16.6% reported by Ezeagu (2005), 18.4%
reported by Anene et.al. (2012). Discrepancies in crude protein content might be because of the
difference in fibre level in the meal, baobab seed meal with reduced fibre level have high crude protein
content. It could also be due to variability in nutrients content of baobab seeds as a result of soil
composition around baobab tree (Parkouda e. al., 2012). Though, the crude protein reported in
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Processing increased the mineral composition of baobab seed M

|d be attributed to the
s { to the raw seeds cou .  the
sl ron sl SDPEr RO Tb[ﬂ:idtccaoc?t]l?:r;et(JTaoble 2). SPBM recorded highest potassium

temperature used in its processing compare - d in SPBM might be due t
imn‘..)emaﬂgﬂﬂese and Cogpef- The high value of mangancs” anz lr(\)lrz:lfezogf? macro and migcro minerz::
the high level of the minerals in baobab pulp. However, oy f minerals in fermented baobab sec
compositions recorded in this study were higher than the value 0 B ired fortuman i,
meal that was reported by Adedayo and Sani (2015) to meet ti:: :fh‘:ds u;led T he calcium magnESiu.‘-!

: " Fthe di i essin . ?
feed. This could be as a result of the difference in the Pr:(t:he val%l s reported for soyabean (Table 3).

jumv in this study were abov G
N Pl’(l)ltzs as;nugc; :::lilz: r::rc;rrcrtilcl; atlmlysezi’ for raw and processed baobab.seed we;e not s:gndr’rlcaml-
different P<0.05. The values recorded for most of the amino acids analysed inraw and processe baobal:

seed meal were slightly lower than those reported in soyabean (Table 4). Th; mi’;lhloms ?yStine and
lysine contents in the baobab seed meal reported in this study were lower t: an the requirement fgr
African catfish. Hence, combination of other protein sources to complement the missing amino acids in

baobab seed meal acids when formulating fish feed is desirable. Mukhopadhyay and Ray (1999)

reported that sesame seed meal has low content of lysine but supplementing sesame diets with lysine

improved growth and feed utilization in Labeo rohita. ' :
Low saponins and oxalates levels were recorded in TSBM while the SPBM and SWBM recorded a

lower tannin level compared to ATBM and TSBM (Table 5). The heat used in autgclaving and toasting
could have contributed to the increase in tannin level and reduction in saponin and oxalates. The
reduction in phytate level of SWBM was similar to the findings of Vijayakumari et a/.(1996), who
reported that soaking Mucuna pruriens seeds in distilled water is more effective in reducing phytic acid
contents than soaking in sodium bicarbonate solution.

The tannin, phytate and saponin contents in the raw and processed seeds reported in this study were
lower than the values reported by Olaitan et al. (2014) who reported 0.50+0.10% phytate, 2.27£0.31%
tannin and 3.26+0.53% saponin in roasted baobab seed coffee-like beverage. This may be due to
difference in the processing techniques that were used in the studies, that is, removal of seed coat by
sieving that was done during processing of seed meal in this study. The phytate and saponin levels
obtained in raw and processed baobab meals were lower than those reported for soyabean meal, 212 and
600mg/100g respectively (El-Shemy et al., 2000 and Fitzsimmons et al., 2015). The saponin levels
(61.67mg/100g-120.00mg/100g) for this study is also within the established tolerance limits of below
}g/kg of diet incommonly cultured fish (Francis e al.,2001). Phytic acid (41.67mg/100g- 160mg/100g)
;s wfthin thle(;go;r;ir:gd:;i tc;l/e]rgble limits of below 5g/kg in fish teeds (Francis ef al., 20013 while
annin leve .33+10.41mg/100g- 278.33+7.64 2 , skt 1
foods whichis 2 g/100 g (Munto anngassir, : 569), mg/100g) corresponds with the level acceptable in

Further studies need to be carried out to know the seed meal that would be best acceptable and

digestible by fish, and also to determine the best replacement level of s
baobab seed meal in fishdiet. i nt level of soyabean meal by the processed

soyabean meal (Table 1) is higher t
may partially replace soyabean mea
of the processed baobab seed meal were a

Conclusion

Toasting reduced the saponins and oxalates level in baobab seed as well a

ash, sodium, iron content. Autoclaving, soaking in water S its crude protein, crude fat,

and pulp not only reduced the saponins and
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