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ABSTRACT

The effects of six coagulating agents (Ga®lgCh, CaSQ MgSQ, alum and steep water from
a local pap producing industry) on the percentagedy nutrient, and anti-nutrient composition
of tofu samples produced was studied. The percenyagld ranged from 58.69% for tofu
coagulated with CaSpto 68.15% for tofu coagulated with MgCland were significantly
different (p<0.05). The tofu had 51.90-62.78% pimt&.87-15.39% fat, 6.67-9.75% fiber, 5.80-
8.80% ash and 10.8-20.24% carbohydrate, on dry teigsis. Results indicated that the six
coagulants significantly (p<0.05) modulated theivas proximate parameters evaluated, with
tofu coagulated by MgSQyielding the highest contents of protein, fibedaash. Further
analysis revealed phytate (0.41-0.849/100g), oxald@t34-0.73g/100g) and trypsin inhibitor
(1.45-2.91 TIU/mg protein) levels in the tofu, omtwveight basis. There was a strong
correlation (r = 0.88, p<0.05) between the phytated the oxalate concentrations, but a slightly
weak correlation (r = 0.65, p<0.05) between phytated trypsin inhibitor of the tofu. These
results suggest that the coagulants modulated #reeptage yield, nutrient and anti-nutrient
compositions of tofu produced. The tofus analyzetevhigh in nutrients, irrespective of the
coagulants. However, MgQ@eems to best potentiate nutrients and minimizienatrients in
tofu and thus is most recommended.
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INTRODUCTION

The human consumption of soy products is increasingonly because of their high nutritional
value but also because of their reported healthefiien such as reduction of cardiovascular
disease, osteoporosis, and cancer risks [1, 2ZT@l, also known as soybean curd, is a soft
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cheese-like food made by curdling fresh hot soymilth a coagulant [4]. Traditionally, it is
produced by curdling fresh hot soymilk with eitlsaft (CaC} or CaSQ) or an acid (glucuné-
lactone). Tofu is low in calories, rich in essehimino acids, contains beneficial amounts of
iron and has no saturated fat or cholesterol [B}. FRost Nigerians, tofu is receiving attention
because it is high in protein and its usage asbatiute for meat. Tofu is often sold as a wet
block in rural Nigeria and it is generally made a&odd on the same day as it is highly perishable

[6].

The yield and quality of tofu have been reportetheéanfluenced by soybean varieties, soybean
quality, processing conditions and coagulants [68]/ Coagulants have been reported to
modulate hypocholesterolemic effect on experimera#d [9]. Furthermore, coagulants have
been reported to influence the yield and microeatrcontents of tofu [10]. However, there is a
dearth of information on the effect of coagulantstbe nutrient and anti-nutrient contents of
tofu. This study was therefore carried out to datee the effect of six coagulants on the yield,
nutrient and anti-nutrient contents of tofu.

MATERIALSAND METHODS

Materials

Soybeans Glycine max)of tax grain variety were obtained from the Ingatwf Agricultural
Research and Training Ibadan, Nigeria. They weoeedt at room temperature before tofu
processing. The calcium and magnesium salts and alere industrial grade, while the steep
water was collected from a local pap processingsig.

Sample Preparation

5009 of raw soybeans was handpicked to remove st@me dirt and then soaked for 6 hours at
room temperature using de-ionized water. The soamdeans was drained, weighed and
ground with a Binatone blender, after which it wasved using cheese cloth and the shaft
separated from the milk. 1 litre of the soy milksazut in each of six labelled (A, B, C, D, E and
F) stainless steel containers and heated for 3Qutesnat 258C. Then, 100ml each of the
coagulants (Cag(50mM), CaSQ@(50mM), MgChL (50mM), MgSQ (50mM), alum (50mM) and
pap steep water) were added and allowed to boR@ominutes further. The coagulated soymilk
was sieved, pressed (with 1kg load for 3 minutes) the weight recorded. The tofu produced
was stored at°€ prior to analysis.

Chemical Analysis

Tofu samples were analyzed in triplicates for moist protein, lipid, fiber and ash using
standard methods of analysis. The chemical compnsiwas estimated according to AOAC
[11]: Moisture (AOAC, 967.08); Protein by KjeldafAOAC, 988.05); Fat by Soxhlet (AOAC,
2003.06); Fiber (AOAC, 958.06) and Ashes (AOAC, 952. Carbohydrate was estimated by
difference. Phytate (AOAC 986.11) and oxalate (AO82.24) were determined according to
the standard methods of AOAC [11], where as thpsiryinhibitory activity was determined by
the method of Kakadet al [12].
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Statistical Analysis

Data were analyzed by one way ANOVA with SPSS wersi5.0 and differences were
considered to be statistically significantpat0.05. LSD test was further carried out to establis
the pairs that showed significant differences.

RESULTSAND DISCUSSION

The percentage yield as modulated by the coagulanpsesented in table 1. It varied from
58.69% (for tofu coagulated with CafGo 68.15% (for tofu coagulated with Mgl This
trend is similar to the report of Shokurdtial. [10]. However, this tofu yield is higher than 7.6—
18.3% reported by Oboh [9]. The processing proaedund or the soybean varieties processed
might have resulted in this obvious difference.

Table 1: Percentageyield of tofu processed with different coagulants

Coagulants % Yield

CaCl, 66.25 + 0.48
MgCl, 68.15+0.11
CaS0, 58.69 + 0.89
MgSO, 65.95 +0.73
Alum 64.18 + 0.69
PSW 60.72 +0.94

Data are expressed as mean * Standard Deviatior),(8B 3
Values with different superscript along the samleiom are significantly different (p<0.05).

The proximate composition of the processed tofpresented in table 2. The tofu samples had
51.90-62.78% protein, 7.87 —15.39% fat, 6.67-9.7i6%, 5.80-8.80% ash and 10.80-20.24%
carbohydrate, on dry weight basis. The result sklotkat the various coagulants used tend to
modulate the proximate composition of the tofu olgd. MgSQ significantly increased all the
proximate parameters determined, relative to afleotcoagulants, except for the fat and
carbohydrate contents.

Table 2: Proximate composition (g/100g dry weight) of tofu processed with different coagulants

Coagulants Protein Fat Fibre Ash Carbohydrate Moisturée’
CaCl, 56.89+0.45 11.93+0.18 7.70+0.08 7.10+0.06° 16.39+0.09 68.67+0.03
MgCl, 58.28+0.68 8.22+0.07 7.78+0.16 7.12+0.1%° 15.12+0.14 68.32+0.7%
CaSo, 57.22+0.5f 12.28+0.10 7.60+0.18 6.88+0.08 16.03+0.4% 69.13+0.08
MgSO, 67.31+1.76 7.87+0.16 9.75+0.26 8.80+0.18 10.80+0.4Y 77.93+0.48
Alum 59.98+0.48 11.31+0.18 8.40+0.08 7.31+0.07 13.00+0.63 70.63+0.6%
PSW 56.98+0.56 11.97+0.08 7.70+0.08 6.93+0.08° 16.42+0.48 67.05+0.04
AlumLTPI 51.90+0.48 15.39+0.08 6.67+0.16 5.80+0.04 20.24+0.49 59.63+0.07

Data are expressed as mean + Standard Deviatiof3, n=

Values with different superscript along the samemm are significantly different (p<0.05)
# - On wet weight basis

PSW - Pap steep water

AlumLTPI- Alum as applied by a Local Tofu Producindustry

The moisture content of tofu samples varied from63% to 77.93%. The variation in the
moisture content of tofu prepared with differenagolants is probably due to the differences in
gel network within the tofu particles that is irdliwced by different anions and its ionic strengths
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towards the water holding capacity of soy protegtsd6]. It may also be due to the unique
coagulating properties of the coagulants used.

The ash content reported in this work (5.80—-8.83%)ightly higher than the 5.64-5.76%, 3.57—
4.24% and 5.2-7.9% reported by Sheh al. [13], Bhadwajet al [14] and Obatolu [6]
respectively. These differences may be due to réifiee in processing procedure as well as
soybean varieties processed. This trend will likeé noticed, if the mineral analysis of the
samples is evaluated. Tofu coagulated with Mg8&x the highest ash content, thus might be
richest in micronutrients. The various modulateifects notable in the values of the proximate
parameters is a reflection of the different coagidaised.

The values reported for protein (51.90-62.71%)ectdl the high protein content of soybeans,
which makes it useful in combating protein-energglmatrition, especially in the rural
communities of developing countries. This is expdcas soybean is notable to contain
significant amount of protein that is of high bigical value with excellent essential amino acid
composition comparable to animal protein exceptiethionine. The quality of protein in tofu
has made it to be incorporated as animal-protebstgute in vegetarian diets. This is the
practice at Babcock University, Nigeria, a Seveadly-Adventist Institution of higher learning
that strictly presents lacto-ovo vegetarian diethér resident student population. Students to be
admitted are usually pre-informed of this dietaagtern as it is based on the globally practiced
Seventh-day Adventist philosophy of education asalth principle.

Fibres are plant based food components made ahsigeellulose, hemicellulose, pectin, gum
and mucilage; which remain undigested on enteringghtuman large intestine [15]. They are
useful in the management of diseases such as ypbdsbetes, cancer and gastrointestinal
disorders [16]. The fiber content of these tofu676:9.75%) is viable enough to support the
management of the afore-listed diseases.

Table3: Anti-nutrient composition of tofu processed with different coagulants

Coagulants Phytate (g/100gWW) Oxalate (9/2100gWW) Trypsin Inhibitor
(TIU/mg protein WW)

CaCl, 0.70+0.03™ 0.52+0.0% 2.24+0.04
MgCl, 0.72+0.0%™ 0.55+0.04 1.61+0.08
CaSo0, 0.66+0.08" 0.44+0.08 1.86+0.02
MgSO, 0.41+0.02 0.3440.02 1.45+0.04
Alum 0.73+0.08™ 0.72+0.0%" 1.91+0.13
PSW 0.81+0.0%" 0.66+0.03 1.83+0.02
AlumLTPI 0.84+0.08 0.73+0.04 2.91+0.04

Data are expressed as mean + Standard Deviatior3, n=

Values with different superscript along the samemm are significantly different (p<0.05)
WW- Wet weight

PSW: Pap steep water

AlumLTPI- Alum as applied by a Local Tofu Producindustry

Oils from plants are of important interest in vasofood and application industries. They
provide characteristics flavours and textures mdfoas integral diet components [17] and can
also serve as a source of oleochemicals [18]. Befipdant origin, the oil present in this tofu will
be freed cholesterol and thus helpful in the mamesye of cardiovascular related diseases. The
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values of fat from this study (7.8-15.3%DW) argyistly lower than 11.3-24.0% reported by
Bhadwajetal. [14].

The levels of anti-nutrients: phytate, oxalate &igdsin inhibitor are as presented in table 3. The
levels of the phytate, oxalate and trypsin inhitsiteeflect the leguminous nature of soy bean and
help to indicate that the high levels of mineralsirfd in tofu may not necessarily reflect the
amount that will be bioavailable. There was a groarrelation (r = 0.88<0.05) between the
phytate and the oxalate concentrations, indicatwad) oxalate-rich tofu are also rich in phytate.
This pattern has been previously reported by Al-8Yat al [19].

Phytate has long been considered as an anti-nutressause it reduces the bioavailability of
mineral in humans. However, studies suggest thgtape exhibits effective anticarcinogenic
action against many types of cancers [20]. Intaldito its anticarcinogenic activity, phytate is
also a potential inhibitor of calcium kidney stofeemation, related to both its antioxidant
activity [21] and its ability to inhibit crystal fanation [22, 23]. Soy foods containing small
concentrations of oxalate and moderate concentitad phytate may be advantageous for
kidney stone patients or persons with a high riskidney stones [19]. The levels of phytate in
these samples (410-840mg/100g) are somewhat hidfizer the values (89.0-621mg/100g)
reported in tofu by Al-Wahskt al. [19] but lower than values (80.0-1879mg/100g)orésd in
soy food by the same authors. On the other haedgetrels of oxalate detected in the tofu from
this study (340-730mg/100g) is greatly higher tR2ah3mg/100g detected in tofu analyzed by
Al-Wahshet al [19] as well as 2-206 mg/100g reported by theesanthors in soy foods. This
makes it necessary for our processing techniqueeteeviewed to further minimize the oxalate
content of tofu as well as other anti-nutrients,tfe safety of consumers.

Trypsin inhibitor is an anti-nutritional factor thaffects the protein digestibility [24]. Though it
is heat-labile, the heat treatment insolubilizeg tmuch-valued proteins [25] and, more
importantly, excessive heat treatment can causedbamino acids in soy proteins [26]. There
are limited data on the effect of coagulants onlélel of trypsin inhibitors in tofu. The trypsin
inhibitor levels in this tofu ranges from 1.45 Tibg protein in tofu coagulated with Mge@®
2.91 TIU/mg protein in tofu coagulated with alum poduced by a local tofu producing
industry. There was a slightly weak correlatior(0.65,p<0.05) between phytate and trypsin
inhibitor of the tofu.

CONCLUSION
The yield, nutrient and anti-nutrient contentsajtitare greatly affected by the type of coagulant
used. Generally, MgSQOcoagulated tofu has the highest concentration otnproximate
parameters and lowest anti-nutrient contents. TRig§Q, is most recommended in coagulating
soymilk for tofu production. Further studies on dvailability of these nutrients can be helpful
for most appropriate choice by producers.
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