                                                         CHAPTER FOUR
4.0 RESULTS, DISCUSSION, CONCLUSION, AND RECOMMENDATIONS
4.1 RESULT
4.1.1 The amino acid analysis revealed that both the locally produced and standard RUTF contained all the essential and non-essential amino acids required for proper growth and recovery from malnutrition. However, there were variations in the concentrations of individual amino acids between the two formulations.
Notably, glycine (6.14 ± 0.11 mg/g) and histidine (6.32 ± 0.11 mg/g) were found in high concentrations in both formulations, with the standard RUTF showing a slightly higher glycine content (10.7 ± 0.17 mg/g).
Essential amino acids such as valine, leucine, isoleucine, threonine, and tryptophan were present in both RUTFs at comparable levels, demonstrating that the local formulation provides a complete amino acid profile suitable for therapeutic use. The concentrations of valine (0.22 ± 0.01 mg/g) and threonine (0.12 ± 0.01 mg/g) in the local RUTF were slightly higher than in the standard. However, lysine (0.10 ± 0.01 mg/g) and methionine (0.16 ± 0.04 mg/g) were observed to be slightly lower in the local sample compared to the standard.
The higher glutamic acid content (2.08 ± 0.01 mg/g) in the local formulation also indicates improved palatability and flavor, as glutamic acid contributes to umiak taste perception.  








AMINO ACID							   SAMPLE
  (mg/g)				        STANDARD RUTF	         LOCAL RUTF
Glycine					            10.70.17			6.140.11
Alanine						1.50.25			1.810.15
Serine						0.100.01		              0.220.01
Proline						2.120.08			2.140.15
Valine						0.160.01			0.220.01
Threonine					0.110.01			0.120.01
Cysteine					0.150.03			0.230.01
Isoleucine					0.160.01			0.150.03
Leucine						0.110.01			0.120.01
Aspartic Acid					0.120.00			0.140.01
Lysine						0.140.01			0.10.01
Glutamic Acid					1.710.11			2.080.01	
Histidine					6.300.17			6.320.11
Methionine					0.170.01			0.160.04
Phenylalanine					0.110.01			0.140.01
Arginine					0.150.00			0.160.00
Tyrosine					0.190.01			0.170.01

4.1.2 Fatty acid composition showed significant differences between the local and standard RUTFs. The local RUTF demonstrated a favorable lipid profile characterized by high levels of polyunsaturated fatty acids (PUFAs) and monounsaturated fatty acids (MUFAs), which are beneficial for energy provision and neural development in children.
Specifically, linoleic acid (46.53 ± 0.85%) and linolenic acid (16.4 ± 0.74%) were substantially higher in the local RUTF compared to the standard formulation (38.58 ± 2.19% and 1.12 ± 0.10%, respectively). 
Furthermore, the oleic acid content (14.62 ± 0.66%) in the local formulation was higher than that of the standard (12.5 ± 0.56%), reflecting the predominant use of groundnut and vegetable oil, both rich sources of oleic acid. This fatty acid is known for its cardiovascular benefits and oxidative stability, enhancing the shelf life of the product. The palmitic (19.10 ± 1.37%) and stearic (4.89 ± 0.14%) acids were also slightly higher in the local formulation, contributing to its energy density an important attribute for the recovery of severely malnourished children who require calorie-dense foods.


4.1.3 The vitamin analysis revealed that the locally formulated RUTF contained higher concentrations of most vitamins compared to the standard formulation. Vitamin B2 (1.07 ± 0.05 mg/100 g), vitamin B6 (0.20 ± 0.12 mg/100 g), vitamin C (0.47 ± 0.02 mg/100 g), vitamin E (0.82 ± 0.01 mg/100 g), and vitamin K (0.47 ± 0.02 mg/100 g) were all higher in the local formulation. This improvement can be attributed to the use of fresh, locally sourced ingredients and minimal processing, which helped preserve heat-sensitive vitamins.


4.2DISCUSSION
4.2.1 Amino Acid Composition of Locally Formulated RUTF
Glycine is a crucial non-essential amino acid that supports protein synthesis, collagen formation, and overall tissue repair, which are vital in malnourished children undergoing rehabilitation. The high histidine content further contributes to hemoglobin synthesis and tissue growth, aligning with reports by (Forouadi et al., 2018), who emphasized the significance of histidine in rapid growth and immune system function. Suggesting that the combination of groundnut and milk in the formulation contributed to improved essential amino acid availability.
These amino acids are typically limiting in legume-based foods such as groundnuts. This finding corresponds with the observations of (Akomop et al., 2019), who noted that legumes often lack sulfur-containing amino acids such as methionine and cysteine. Despite this, the overall amino acid composition of the local RUTF remains adequate for the nutritional rehabilitation of children suffering from severe acute malnutrition (SAM) or moderate acute malnutrition (MAM). In summary, the amino acid results confirm that the locally formulated RUTF is rich in both essential and non-essential amino acids, providing sufficient protein quality for child nutrition rehabilitation
4.2.2 Fatty Acid Profile of Locally Formulated RUTF
Linoleic and linolenic acids are essential fatty acids of the omega-6 and omega-3 families that the human body cannot synthesize, yet they play critical roles in brain development, immune function, and regulation of inflammation. The elevated levels in the local formulation suggest a nutritionally superior balance of essential fatty acids, consistent with WHO recommendations for RUTF lipid composition.
However, elevated saturated fatty acids should be carefully balanced to maintain product healthiness and avoid excessive fat intake. Overall, the fatty acid results demonstrate that the locally formulated RUTF contains an ideal mix of saturated and unsaturated fatty acids, providing both energy and essential lipid nutrients required for child growth and rehabilitation. These results are consistent with findings by (Hrubsa et al., 2022), who emphasized the significance of PUFAs in supporting recovery from malnutrition.

4.2.3 Vitamin Composition of Locally Formulated RUTF
The higher vitamin E content in particular is notable, as it provides antioxidant protection that supports immune function and reduces oxidative stress in malnourished children. The slightly higher vitamin C level enhances iron absorption and strengthens resistance against infections, which is crucial for recovery during therapeutic feeding. The fat-soluble vitamins (A, E, and K) were well represented, suggesting that the lipid matrix of the RUTF effectively retained and protected these micronutrients, consistent with the observations of (Forouadi et al., 2018), who highlighted the stabilizing role of fats in vitamin preservation during RUTF production.
The vitamin B-complex (B2, B6, B12, and folate) was adequately supplied, supporting enzymatic and metabolic processes essential for energy release, nervous system function, and red blood cell formation. These results indicate that the local RUTF meets the recommended vitamin standards for therapeutic foods as set by UNICEF and WHO, thus validating its potential for large-scale application in malnutrition treatment programs.
4.3 CONCLUSION
Ready-to-Use Therapeutic Food (RUTF) or Ready-to-Use Supplementary Food (RUSF) have been widely used in home-based treatment for severely and moderately acute malnourished children. These products have been deemed very effective at short-term nutritional recovery in children and have shown substantial success. RUTF and RUSF are expected to be given in combination with local diets to fulfill the dietary recommendation of SAM and MAM children. The new formulation of RUTF/RUSF based on locally available foods is projected to be efficient and more cost-effective for treating MAM and SAM children. Taking into account regional preferences, closeness to their intended consumers, and accessibility to raw materials, and production sustainability, locally generated RUF/RUTF can be used for MAM/SAM processing that is safe and sustainable. Our findings presented the importance of development of such food supplements based on the local food resources and with improved technology for prevention and rehabilitation of malnourished children, which encourage the development in another developing country with similar nutritional problem. The results underscore the significance of developing food supplements using local resources and enhanced technology for the prevention and rehabilitation of malnourished children. Furthermore, the review findings encourage creation of such food supplements in other developing countries facing similar nutritional challenges.
4.4 RECOMMENDATIONS
Supplementation with lysine and methionine sources (e.g., soy or egg powder) is recommended to enhance the amino acid balance of the local RUTF formulation. Further clinical trials should be conducted to assess the bioavailability of nutrients and the therapeutic effectiveness of the local RUTF in improving weight gain and recovery rates among malnourished children. Additional research on product stability, shelf-life, and sensory acceptability should be performed to ensure long-term preservation under varying storage conditions typical of rural environments. Federal and state health agencies, in partnership with organizations such as UNICEF, WFP, and FAO, should invest in local RUTF production facilities to promote self-sufficiency and cost-effective nutrition intervention. Policies should be developed to integrate locally produced RUTFs into national nutrition and child health programs, ensuring sustainability and widespread access in vulnerable communities.
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