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ABSTRACT

The study evaluated cassava variety and food organic additives on gari quality in Makurdi. Four varieties
(Dongbo local, TMS 0581, TME 419, TMS 30572) were fortified with soybean, Moringa seed and
turmeric powders at 100g/20kg mash in 4x4 factorial, CRD. Gari quality was assessed for proximate,
anti-nutrients and sensory properties. Variety significantly (p<0.05) influenced composition; TME 419
had highest ash (0.70%), TMS0581 highest protein (1.68%). Soybean at 100.5g increased ash to 0.83%,
protein to 1.61% and fibre to 1.53% vs control. Dongbo had highest HCN (19.13 mg/100g), tannin,
saponin, phytate (52.5 mg/100g) and oxalate (3.19 mg/100g). All additives reduced anti-nutrients;
soybean reduced HCN from 10.10 to 8.63 mg/100g and in Dongbo from 20.8 to 17.7 mg/100g. Sensory
scores showed TME 419 most acceptable (4.67) and soybean-fortified gari 4.83 vs control 2.67. after
fermentation fortification at 100g/20kg is recommended for safe, nutritious gari. The study concludes that
fortification of cassava mash after fermentation with soybean, moringa and turmeric, especially soybean
at 100g/20kg, improves nutritional quality, reduces antinutritional factors below safety thresholds and
enhances sensory acceptability, making both improved and local varieties safer for consumption.
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INTRODUCTION

Cassava (Manihot esculenta Crantz) is a cornerstone of food security and a primary income source for
millions of smallholder households in Nigeria, the world's largest producer of this staple crop (FAO,
2023). Nigeria produced 62.7 million metric tons of cassava in 2023 according to data from the Food and
Agriculture Organization, accounting for about one-fifth of global output.

Gari is the most popular cassava product in West Africa and a pre-gelatinized, roasted grit that remains a
major staple. The suitability of any cassava variety for gari production is therefore important for varietal
adoption. Improved varieties such as TMS 30572, TMS 98/0581 and TME 419 (also known as TMBE
419 or Idileruwa) have been established to be very good and well adapted for gari production by
researchers, with varieties like TMS30572, TMS98/0581 and others commonly evaluated for this
purpose.

Despite its importance, gari has low nutritional value and contains residual anti-nutritional factors. Recent
studies have focused on fortification to improve its quality. A study on fortification impact on nutritional
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and anti-nutritional composition of soybean-enriched gari reported. The study found that soybean curd and
residue enrichment increased mineral contents such as potassium, zinc, calcium, iron and magnesium
compared to control gari, while hydrocyanic acid content decreased from 1.94 mg/g in the control to a range of
1.12 mg/g to 1.15 mg/g for the enriched samples. This demonstrates that cassava is not a good source of
quality proteins and that use of gari as a major staple should be supplemented with good quality proteins such
as soybean.

Similarly, enrichment with Moringa oleifera and turmeric has been explored for increasing nutritional value
and reducing anti-nutrients. Moringa-enriched cassava products have shown significant improvements in
protein and micronutrients, while turmeric provides curcuminoids with antioxidant and antimicrobial
properties. These organic additives present a low-cost, locally available strategy for enhancing gari quality in
Makurdi.

Statement of the Problem

The potential toxicity of residual hydrogen cyanide (HCN) and anti-nutritional factors such as phytates, tannins
and oxalates remains a limitation to safe consumption of gari. While traditional processing reduces HCN,
studies show levels still vary significantly among varieties and processing methods. There is limited
documented evidence on pre-fermentation fortification of cassava mash with soybean, moringa seed and
turmeric powders at varying concentrations on gari produced from both improved (TMS 30572, TMS 0581,
TME 419) and local (Dongbo) varieties in Makurdi. This study therefore evaluated varietal effects and organic
additive. The main objective of the study was to evaluate the effect of cassava varieties and organic food
additives on the quality of gari processed in Makurdi, Nigeria.

MATERIALS AND METHODS

Study Area

Study conducted March 2024 in Makurdi (7°47'N, 8°37'E). Four varieties at 12 MAP from BNARDA, 40kg
each. Soybean powder, moringa seeds powder and turmeric powder from Wurukum Market, dried, milled
(0.5mm). Design: 4x4 factorial, CRD with 3 replications. Factor A: variety, Factor B: concentration
(100g/20kg mash). Roots were peeled, washed, grated, fermented for 6 days (24 to 27°C), dewatered, mixed
with additives, sieved and garified to ~12% moisture. Analyses: proximate by AOAC (2019), HCN by
alkaline titration, tannin (Makkar et al., 1993), saponin (Obadoni and Ochuko, 2001), phytate (Nkama and
Gbenyi, 2001), oxalate (Ukpabi and Ejidoh, 1989). Sensory (20 semi-trained panelists, 9-point hedonic) after
16 weeks.

Laboratory Analysis

Proximate composition was determined by AOAC (2019) methods: moisture (925.10) oven at 105°C, protein
by micro-Kjeldahl (979.09, N x 6.25), fat by Soxhlet (920.39), ash by muffle furnace at 550°C (923.03), crude
fibre (962.09). Carbohydrate by difference. Energy by Atwater factors. Anti-nutritional factors: HCN by
alkaline titration (AOAC 2015), tannin by Folin-Denis (Makkar ef al., 1993), saponin by Obadoni and Ochuko
(2001), phytate by Nkama and Gbenyi (2001), oxalate by Ukpabi and Ejidoh (1989). Sensory attributes
(colour, aroma, taste, texture, chewability, overall acceptability) were evaluated after 16 weeks storage by 20
semi-trained panelists from CEFTER using 9-point hedonic scale (1=dislike extremely to 9=like extremely).
Data Analysis

Data were subjected to ANOVA for CRD factorial. Significant means were separated by F-LSD at p<0.05
using SAS version 26.

RESULTS AND DISCUSSION

Proximate composition was variety-dependent. TME 419 highest ash, TMS 0581 highest protein (1.68%) and
fibre, Dongbo lowest (Table 1). Soybean gave highest ash, protein and fibre vs control; interaction increased
Dongbo ash from 0.16% to 1.01% and TMS 0581 protein from 1.48% to 1.82% (Table 2). This agrees with
IPS Journal (2023) on soybean enrichment increasing protein/minerals. Soybean contains 35 to 40% protein
(glycinin) (Adesokan ef al., 2011), moringa contains protein/minerals (Aja ef al., 2013), turmeric curcuminoids
(Chatzinasiou et al., 2019). Dongbo had highest tannin (0.30%), saponin (0.21%), HCN (19.13), phytate (52.5)
and oxalate (3.19) vs improved varieties (5.83 to 6.16 mg/100g HCN) (Table 3). Soybean reduced tannin
0.20% to 0.15%, HCN 10.10 to 8.63 and phytate 47.4 to 43.4 mg/100g, oxalate 1.94 to 1.38 mg/100g.
Interaction: Dongbo HCN 20.8 to 17.7 mg/100g, phytate 54.1 to 50.6 mg/100g (Table 4). This supports Aro
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and Aletor (2012) and Chijioke et al. (2015) on processing reducing cyanogens. Table 5 presents the main
effects of cassava variety and food additives on selected anti-nutritional components. Dongbo recorded the
highest tannin (0.30%), saponin (0.21%) and hydrogen cyanide (19.13 mg/100 g), whereas the improved
varieties generally recorded lower values. Across the additive treatments, tannin declined from 0.20% in the
control to 0.15% with soybean, saponin declined from 0.18% to 0.10%, and HCN declined from 10.10 to 8.63
mg/100g.(Table 5). The organoleptic quality of gari after storage and reports aroma, colour, taste, texture,
chewability, soakability and overall acceptability. TME 419 recorded the highest overall acceptability score
(4.67), followed by TMS 30572 (4.50) and TMS 0581 (4.33), while Dongbo recorded 2.83. TME 419 and
TMS 0581 also recorded high scores for aroma, colour, chewability and soakability. These findings showed
that consumer-related quality differed among varieties and that sensory quality must be considered alongside
nutritional and anti-nutritional outcomes (Table 6). Sensory: TME 419 highest acceptability (4.67), soybean-
fortified 4.83 vs control 2.67. Turmeric improved colour (Alozie et al., 2017). pH 4.15 to 4.95, energy 363 to
371 KJ/100g. Inclusion of 100g/20kg optimal to avoid beany flavour.

Table 1: Main Effect of Cassava Varieties and Organic Food Additives on Proximate Composition
of Gari

Cassava varieties Ash (%) Crude Protein (%) Crude Fibre (%)
Dongbo 0.50 1.21 1.05
TMS 0581 0.61 1.68 1.45
TE 419 0.70 1.54 1.41
TMS 30572 0.58 1.38 1.40
F=LSD 0.07 0.11 0.10
P =0.05)

Organic Food additives (100g/20kg Cassava Mash)

No food additives (control) 0.44 1.30 1.05
Turmeric 0.47 1.41 1.33
Moringa 0.64 1.54 1.40
Soybean 0.83 1.61 1.53
F-LSD 0.07 0.11 0.10
(P=0.05)

Table 2: Interaction Effect of Cassava Varieties and Organic Food Additives on Proximate Composition of
Gari

Cassava Soybean Seed Power Ash (%) Crude Protein (%) Crude Fibre (%)
Varieties (100g/20kg Cassava Mash)
Dongbo No food additives (control) 0.16 1.10 0.42
Turmeric 0.20 1.31 1.10
Moringa 0.61 1.25 1.30
Soybean 1.01 1.38 1.38
TMS 0581 No food additives (control) 0.59 1.48 1.21
Turmeric 0.62 1.69 1.48
Moringa 0.61 1.73 1.50
Soybean 0.62 1.82 1.61
TME 419 No food additives (control) 0.65 1.49 1.35
Turmeric 0.60 1.48 1.40
Moringa 0.71 1.57 1.41
Soybean 0.84 1.62 1.48
TMS 30572 No food additives (control) 0.37 1.13 1.21
Turmeric 0.47 1.14 1.34
Moringa 0.63 1.61 1.39
Soybean 0.85 1.62 1.66
F-LSD 0.09 0.14 0.12
P=0.05
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Table 3: Main Effect of Cassava Varieties and Organic Food Additives on Proximate Composition
of Gari

Cassava varieties Carbohydrate (%) Crude Fat (%) Moisture
Content (%)
Dongbo 87 1.02 9.47
TMS 0581 85.4 1.09 9.45
TME 419 82.9 1.6 9.39
TMS 30572 84.4 1.27 9.41
F=LSD 0.78 0.06 0.01
(P =0.05)
Organic food additives (100g/20kg Cassava Mash)
No food additives (control) 84.4 1.01 9.50
Turmeric 85.3 1.21 9.46
Moringa 85.2 1.18 9.45
Soybean 85.2 1.13 9.32
F-LSD 0.78 0.06 0.01
(P=0.05)

Table 4: Interaction Effect of Cassava Varieties and Organic Food Additives on Proximate
Composition of Gari

Cassava Food Additives (100g/20kg Carbohydrate Crude Fat Moisture
Varieties Cassava Mash) (%) (%) Content (%)
Dongbo No food additives (control) 88.3 0.92 9.50
Turmeric 87.7 1.05 9.59
Moringa 86.6 1.06 9.59
Soybean 86.7 1.03 9.20
TMS 0581 No food additives (control) 85.4 0.99 9.48
Turmeric 85.4 1.19 9.46
Moringa 84.4 1.08 9.42
Soybean 86.2 1.08 9.44
TME 419 No food additives (control) 81.0 1.04 9.49
Turmeric 83.2 1.21 9.37
Moringa 84.4 1.25 9.41
Soybean 83.1 1.14 9.29
TMS 30572  No food additives (control) 83.2 1.09 9.51
Turmeric 84.7 1.39 9.40
Moringa 85.2 1.31 9.39
Soybean 84.6 1.27 9.34
F-LSD 0.082 0.10 0.04
P=0.05
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Table 5: Main Effect of Cassava Varieties and Organic food additives on Anti-Nutritional
Compositions of Gari

Cassava Varieties Tannin (%) Saponin Hydrogen Cyanide
(%) (mg/100g
Dongbo 0.30 0.21 19.13
TMS 0581 0.12 0.12 5.83
TME 419 0.12 0.10 6.13
TMS 30572 0.14 0.12 6.16
F=LSD 0.02 0.03 0.34
(P =0.05)
Organic food additives (100g/20kg Cassava Mash)
No food additives (control) 0.20 0.18 10.10
Turmeric 0.17 0.14 9.43
Moringa 0.17 0.13 9.09
Soybean 0.15 0.10 8.63
F-LSD 0.02 0.03 0.34
(P=0.05)

Table 6: Effect of Cassava Varieties and Organic Food Additives on Organoleptic Quality of Gari
after Fermentation

Cassava  Storage Aroma Colour Taste Texture Chewability Soakability Overall
varieties  (weeks) Acceptability
Dongbo 20 3.0 2.0 3.0 3.0 4.0 2.0 2.83
T™MS 20 5.0 3.0 4.0 4.0 5.0 5.0 4.33
0581 20 5.0 5.0 4.0 4.0 5.0 5.0 4.67
TME 20 4.0 4.0 4.0 5.0 4.0 5.0 4.50
419

TMS 0.30 0.29 0.33 0.31 0.34 0.35 0.35
30572

F=LSD

(p=0.05)

Addition of organic food Additives (100g/20kg Cassava mash)

N F A 20 3.0 2.0 3.0 2.0 4.0 2.0 2.67
(Ctrl) 20 4.0 3.0 3.0 4.0 5.0 5.0 4.00
Turmeric 20 5.0 4.0 4.0 5.0 5.0 5.0 4.67
Moringa 20 4.0 5.0 5.0 5.0 5.0 5.0 4.83
Soybean

F-LSD 0.30 0.29 0.33 0.30 0.34 0.35 0.35
(p=0.05)

CONCLUSION

The study concludes that fortification of cassava mash after fermentation with soybean, moringa and
turmeric, especially soybean at 100g/20kg, improves nutritional quality, reduces antinutritional factors
below safety thresholds and enhances sensory acceptability, making both improved and local varieties
safer for consumption.
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