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Abstract
Background
The use of food processing wastes and by-products, as well as the under-utilization of agricultural products, have recently received increased attention. Mango, apricot and peach are the three most significant fruits grown and processed in Egypt.

Results
This work aimed to evaluate the amino acid composition, physio-chemical properties and fatty acids content of mango, apricot, and peach seed kernels after removal antinutritional components. According to the results, mango kernel flour contained all the essential amino acids with levels higher than those of the FAO/WHO reference protein. In addition, total essential amino acids were 28.88, 26.78 and 36.46 g/100 g protein for apricot, peach and mango kernel flours, respectively. The highest essential amino acids value was leucine, while the highest non-essential amino acids value was glutamic in all kernel protein. All kernel oils showed adequate values for acid and peroxide value. The main unsaturated fatty acids in all kernel oils were oleic and linoleic acids. Oleic acid contents ranged between 41.76% and 59.87%. On the other hand, linoleic acid contents varied between 5.25% and 26.61%.

Conclusions
Mango, apricot, and peach kernels are by-products that present a novel potential source of excellent protein and oil that might be used for food and other industrial applications after reduction of antinutritional matter. As a result, detoxified kernel flour might be used to enhance high-value food products with economical, high-quality sources of protein and oil.
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Background
Nowadays, most food byproducts are disposed of in landfills or burned. Both strategies result in the discharge of additional pollutants and the release of greenhouse gases (furans, dioxins, particles, etc.). However, a lot of these byproducts might be put to good use. For instance, food waste with a high protein content is used to make biomass and animal feed [1, 2]. However, using some byproducts to create inexpensive products could mean they contain valuable materials; therefore, doing so does not necessarily mean that these resources are being used effectively. Fruit stones are one example of a byproduct that includes a lot of protein [3]. In the early phases of plant growth, proteins, lipids, and carbohydrates make up the plant food reserves. They are stored in these tissues. Most research on the utilization of fruit seed proteins concentrated on seeds from tropical and subtropical fruits grown in underdeveloped nations, like jack fruit or akee apple [4]. Some fruit seed proteins are valued for their physicochemical features, potential in alternative medicine, and nutritional benefits [5, 6]. Other researchers have assessed the fruit seed's capacity to produce bioactive peptides [7].
Prunus armeniaca L., also known as the apricot, is a significant temperate fruit that benefits humanity in all its parts. Different regions of the world commercially farm apricots. Due to their perishable nature, apricot fruits are utilized fresh and produce various value-added goods. The residual stone and kernel are thrown away after processing, which pollutes the environment [8].
Apricot kernel eating has been linked to a lower risk of chronic diseases because apricot seeds contain a wide range of bioactive components [9]. Apricot kernel flour contains 5.52% moisture, 2.76% ash, 45.37% fat, 26.39% protein, and 19.96% carbohydrates [10]. The proteins of apricot are rich in aspartic, arginine, glutamic acids and essential amino acids [8, 11], with good thermal, physico-chemical and emulsifying attributes. They are advantageous to human health and help in lowering the risk of diabetes, hypertension, and high cholesterol [12–14]. The digestibility of the protein was quite low when trypsin or pepsin used while, in the pepsin-pancreatin system was high. The ability of flour and protein isolates to absorb water and fat and to emulsify them was quite similar to that of soybean. It appears that detoxified apricot kernel flour is a useful source of protein for food products [15].
Nevertheless, the apricot kernel that is extracted from these stones is a good source of oil (45–50%) that contains a high amount of unsaturated and polyunsaturated fatty acids, such as linolenic and linoleic acids, in addition to oleic acid, which is monounsaturated and is described to be beneficial for all skin kinds including irritated or dry skins and aged skin as well as with pharmaceutical importance and good nutritional [9]. Apricot kernel oil is edible and can be used for salad and frying oil compared to the oil yield of some commercial seed oils such as soybean (15–20%), cottonseed (30–36%) and sunflower (36–55%) [16].
After apple and pear, the peach (Prunus persica L) is the world's third most significant deciduous tree fruit. Processing of a substantial portion of the harvested peaches results in a large amount of waste stones. Nearly 50% by weight of peach kernels are oils [17]. Pelentir et al. [18] reported that the chemical composition of peach kernel flour under drying at 65ºC was moisture 7.75%, ash 5.50%, ether extracts 24.30%, protein 21.33%, and 8.92% fiber. According to Pelentir et al. [18], peach kernels have a large amount of protein. Albumins made up the majority of the protein fractions (60%) followed by non-protein nitrogen (17%), globulins and glutelins made up 9.5% and 8.2% of the total protein fractions, respectively, while prolamines made up just 6.0%. The protein is rich in leucine, lysine, valine, isoleucine, threonine, basic and acidic amino acids but poor in methionine. Due to its unsaturated fatty acid and antioxidant contents, peach kernel oil has the potential to produce high-quality products from the biowaste in the peach industry [19]. One of the nine plant elements in the cardiovascular protection mix (CVPM) cocktail used to treat cardiovascular disease is the peach kernel [20]. Such importance is probably associated with its unsaturated fatty acid composition, oleic and linoleic acids, around 55% and 25% in unsaturated fatty acid, respectively [21]. Oleic acid is essential in the human diet and helps reduce total cholesterol, triglycerides, (LDL)‑cholesterol, and glycemic index. In addition, since it lowers total and LDL cholesterol levels, linoleic acid is crucial for the growth and maintenance of the neurological system and physiological processes in humans [22].
Due to its excellent nutritional value and sensory quality, the mango (Mangifera indica L.), which had a global production of 50.65 million tons in 2017, is one of the most significant tropical fruits in the world [23]. The main byproduct of mango processing is mango seed, which, depending on the varieties, makes from 30 to 45% of total fruit weight [24]. Mango seed kernel contains 11% fat, 6.0% protein, 77% carbohydrate, 2.0%, and ash 2.0% fiber on a dry weight basis. The protein value of mango seed kernel is good. The amino acids profile of different mango kernel varieties protein contains the most essential amino acids, with the highest leucine, lysine, and valine [25]. The composition of the essential amino acids leucine (6.9), isoleucine (4.4), phenylalanine (3.4), methionine (1.2), threonine (3.4), lysine (4.3), tyrosine (2.7), and valine (5.8) (g amino acid /100 g protein) indicates that the protein is of good quality [25]. About 38% stearic acid and 45% oleic acid make up most of the fatty acids in mango kernel oil [26]. Stearic acid is a saturated fatty acid reported to plasticize and bind composites, α-helical sites in bio-molecules, and albumin serum in humans [27].
Because of their toxic, cyanogenic glycoside amygdalin content, the use of some fruit seeds for human nutrition is limited. It is important to remember that while amygdalin itself is nontoxic, depending on the amount, its breakdown products, such as hydrogen cyanide (HCN), may be poisonous. When consumed orally, 0.1–0.2 g of amygdalin is considered an acute toxic or deadly dose for humans and animals. Due to the potential toxicity of cyanide, the kernels must undergo detoxification before consumption. Several techniques/methods have recently been reported for debittering the seeds, including fermentation, soaking, ultrasound, vacuum, and microwave methods [28, 29]. The main objective of this work is to evaluate the composition and nutritional value of amino acids, the fatty acids composition and the physicochemical properties of Egyptian apricot, peach and mango kernels after the reduction of antinutritional matter.

Materials and Methods
Materials
Materials and chemicals
During the summer season of 2019, about 150 kg of each fruit: peach (Prunus persica L.), namely Shamy, apricot (Prunus armeniaca L.), namely Amar and mango (Mangifera indica L.), namely Zebda were collected from the local fruit market in Assiut city, Egypt. All chemicals used in analytical methods were produced by Sigma Chemical Co. (St. Louis, MO, U.S.A) and purchased from Al-Gomhouria Trading Chemicals and Drugs Company. Assiut, Egypt.


Methods
Preparation of fruit seed kernels
Seeds were removed from the fruits, and the seed's outer shell was washed with tap water to remove the remaining fruit pulp and sun-dried for about 3 weeks; the outer shell of the seeds was cracked manually and then collected the kernels (Fig. 1).[image: ]
Fig.1Preparation of fruit seed kernel flours



Detoxification of apricot, peach and mango seed kernels
The kernels were collected and soaked in distilled water for 48 hour with occasional decantation and replacement with an equivalent amount of water until the water remained colourless, then heated at 100 °C for 30 min in 0.1% NaHCO3 [30], then dried at (50 °C) in an electric oven for (24 h) and ground into a fine flour. Then kept in air-tight polythene bags and stored at (4 °C) until utilization and analysis according to the method described by Lakshmi et al. [31] with some modifications (Fig. 2).[image: ]
Fig.2Detoxification of fruit seed kernels



Extraction of oil
Hexane was used for extraction of oil from the kernels by immersing in an extractor in order to get rid of the existed oil. The solvent was removed by a rotary evaporator Shabeer et al. [32].

Determination of amino acids composition
Amino acids were determined according to the method reported by Pellett & Young, [33] with some modifications, which could be summarized as follows: 0.2 g of sample was hydrolyzed with 5 ml of 6 N HCL, in a long neck tube sealed at (110 °C, 24 h), then the hydrolysate was filtered. The residues were washed with distilled water, and the filtrate was evaporated in water both at 50 °C. The residue was dissolved in 5 ml/loading buffer (sodium citrate buffer of pH 2.2). The analysis was performed in the Central Service unit, National Research Center, Egypt using Beckmen Amino Acid Analyzer model 119 CL.
Determination of tryptophan
Tryptophan was determined using the spectrophotometric method described by Sastry and Tummuru, [34]. 100 mg of sample were mixed with 10 ml of 5 M NaOH and hydrolyzed at 110 °C for 18 h in a scaled tube. The hydrolysate was neutralized with 5 M HCL and diluted to 100 ml with distilled water. Aqueous solution of sucrose 10% and thioglycolic acid 2.5% each at 0.1 ml level were successively added to test tube containing 4 ml of 66% H2SO4 and kept for 5 min in water at 45–50 °C and cooled. About 0.5 ml sample solution was then add and mixed. The volume was made to 5 ml by adding 0.1 N HCL and was allowed to stand for 5 min at room temperature for the development of full color. The absorbance was measured at 550 nm using a spectrophotometer (6505 UV/Vis, Jenway LTD., Felsted, Dunmow, UK). A calibration curve of tryptophan (10 µg/ml) was prepared and tested under similar conditions. All values were expressed as mean ± SD for 3 replications.

Computation of chemical score
The chemical score (Cs) was defined according to Bhanu et al. [35] as follows:[image: $${\text{Cs}} = \frac{{\text{mg of essential amino acid in 1 gm test protein}}}{{\text{mg of essential amino acid in 1 gm reference protein}}} \times 100$$]





Protein efficiency ratio (PER)
The PER was the first method adopted for routine assessment of the protein quality of food. PER measures body weight gain per unit of protein consumed. The PER based on the amino acids content of sample was calculated using the equation reported by Alsmeyer et al. [36] as follows:[image: $${\text{PER = - 0}}{.468 + 0}{\text{.454 }}\left( {{\text{Leucine}}} \right){ - 0}{\text{.105}}$$]





Biological Value (BV)
BV measures protein quality by calculating the nitrogen used for tissue formation divided by the nitrogen absorbed from food. Computed BV was calculated using the equation suggested by Mitchell & Block, [37] as follow:[image: $${\text{B}}{\text{.V = 49}}{.9 + 10}{\text{.53 }}\left( {{\text{PER}}} \right)$$]





Computation of A/E ratio
The relationship between content of an individual essential amino acid in the food protein (A) and the total essential amino acids content (E) was calculated according to FAO, [38] as follows:[image: $${\text{A/E ratio = }}\frac{{\text{mg of the individual essential amino acid}}}{{\text{gm of total essential amino acids}}}$$]






Determination of physico-chemical properties of oil
Specific gravity, iodine value, acid value, peroxide value, and saponification value of the oil were determined according to the method described in AOAC Standard [39].

Determination of fatty acids
About 100 mg of oil was dissolved in 2 ml hexane, and then 0.4 ml potassium hydroxide (KOH) in anhydrous methanol was added, as reported by Mapiye et al. [40]. Fatty acid methyl esters, as converted from the corresponding fatty acids in the seed kernel oil according to the [41] IUPAC method, were analyzed by Philips PyeUnicam PU 4500 (Philips Electronics UK Ltd, Guildford, Surrey, UK) gas chromatography equipped with a flame ionization detector. The amount of each fatty acid was given as a percentage of the total fatty acid content. The analysis was performed in the Central Service unit, National Research Center, Giza city, Egypt.

Statistical analysis
One-way analysis of variance (ANOVA) was performed for data analysis using IBM SPSS Statistics software version 25. Duncan test was used to compare significant differences (P ≤ 0.05) among the means. Data are expressed as the mean ± standard deviation (SD) of at 3 replications.



Results and discussion
Amino acids composition of apricot, peach and mango kernel flours:
Food quality is evaluated based on the amount and types of essential amino acids present and the amount of protein present. The amino acid content of apricot, peach and mango kernel flours is presented in Table 1. Results clearly show that all essential amino acids occurred at higher levels in the defatted mango kernel flour than in the FAO/WHO reference protein [42]. Mahmoud [43] reported that mango kernel protein contained the most essential amino acids in higher concentration than in the FAO reference. The amino acid content of mango kernel protein contains the all-essential amino acids and occurred at higher levels than those of the FAO/WHO reference, except for threonine and methionine [25]. While in the defatted apricot and peach kernel flours all, the essential amino acids occurred at higher levels than those of the FAO/WHO reference protein except for lysine and methionine. Zayan et al. [44] reported that the essential amino acid contents of apricot kernel meal were higher than those of the FAO reference, except leucine, lysine and threonine. Abd El-Rahman et al. [45] found that the essential amino acids present in a more significant amount in apricot kernel meal protein were lysine, leucine, isoleucine, phenylalanine, threonine and tryptophan compared with the FAO reference, except valine and methionine. According to many studies, the amino acid composition of fruit seed kernels varies depending on the variety [25]. In addition, data showed that leucine recorded the highest amino acid value among the essential amino acids in all kernel flours, followed by phenylalanine. In contrast, methionine and tryptophan recorded the lowest values. The highest value of leucine was recorded in mango kernel flour (8.16 g/100 g protein), followed by apricot kernel flour (6.66 g/100 g protein) and peach kernel flour (6.15 g/100 g protein), while the highest value of phenylalanine recorded in apricot kernel flour (5.63 g/100 g protein), followed by mango kernel flour (5.33 g/100 g protein) and peach kernel flour (4.96 g/100 g protein). Because the essential amino acid index was high, the protein in the apricot, peach, and mango kernel flours was high quality [46]. Zein et al. [47] found that isoleucine and leucine recorded the highest amino acid value in mango seed kernel flour. On the other hand, leucine and valine are the predominant essential amino acids [43]. Lysine recorded (4.50%) was higher when compared with wheat flour (2.41%) or triticale flour (3.74%) [48]. In apricot kernel protein, phenylalanine and leucine were the predominant essential amino acids, while leucine and lysine were the predominant essential amino acids in peach kernel protein [45]. The apparent differences between the results were likely due to environmental conditions, genotypic types, and the time of sample taking.Table 1Amino acids composition of apricot, peach and mango kernel flours (g/100 g protein)


	Amino acids (g.A.A/100 g.Protein)
	Samples
	FAO/WHO

	Apricot
	Peach
	Mango
	2007

	Essential amino acids (E.A.A)

	 Isoleucine
	3.47 ±0.03B
	3.22 ±0.02C
	4.33 ±0.04A
	3.0

	 Leucine
	6.66 ±0.02B
	6.15 ±0.07C
	8.16 ±0.01A
	5.9

	 Lysine
	3.09 ±0.03B
	2.58 ±0.03C
	4.50 ±0.02A
	4.5

	 Methionine
	0.87 ±0.02B
	0.80 ±0.03B
	2.00 ±0.01A
	1.6

	 Phenylalanine
	5.63 ±0.03A
	4.96 ±0.01B
	5.33 ±0.04C
	3.0

	 Threonine
	3.03 ±0.02B
	3.05 ±0.02B
	4.33 ±0.04A
	2.3

	 Tryptophan
	1.31 ±0.03C
	1.53 ±0.03B
	1.65 ±0.03A
	0.6

	 Valine
	4.82 ±0.02C
	4.49 ±0.02B
	6.16 ±0.03A
	3.9

	Total E.A. A
	28.88 ±0.06B
	26.78 ±0.07C
	36.46 ±0.10A
	–

	Non-essential amino acids (Non-E.A. A)

	 Aspartic
	11.30 ±0.10B
	16.27 ± 0.02A
	10.50 ±0.20C
	 
	 Glutamic
	23.52 ±0.02A
	23.25 ± 0.00B
	20.33 ±0.04C
	 
	 Histidine
	2.42 ±0.02A
	2.20 ± 0.03C
	2.33 ±0.03B
	1.5

	 Arginine
	9.43 ±0.02A
	8.91 ± 0.04B
	7.14 ±0.00C
	 
	 Proline
	4.23 ±0.02B
	3.98 ± 0.01C
	4.50 ±0.10A
	 
	 Cystine
	1.63 ±0.01B
	1.48 ± 0.05C
	2.16 ±0.04A
	0.6

	 Serine
	4.11 ±0.01B
	4.24 ± 0.07A
	4.27 ±0.02A
	 
	 Glycine
	5.34 ±0.01A
	5.05 ± 0.04B
	4.16 ±0.02C
	 
	 Tyrosine
	3.53 ±0.02A
	2.80 ± 0.10B
	3.51 ±0.03A
	 
	 Alanine
	4.99 ±0.00A
	4.32 ± 0.20B
	4.33 ±0.03B
	 
	Total Non. E.A. A
	70.50 ±0.23B
	72.50 ± 0.56A
	63.23 ±0.35C
	 

Values are the mean of triplicate determinations with standard division
The different letters at the row means significant differences at (p ≤ 0.05) and the same letters means no significant differences



Data revealed that total essential amino acids were 28.88, 26.78 and 36.46 g/100 g protein for apricot, peach and mango kernel flours, respectively. Similar observations were reported by Mahmoud, 2009 [43] he found that the total essential amino acids were 39.34 g/100 g protein in mango kernel flour. El-Safy et al. [49] found that the total essential amino acids in apricot kernel flour was 31.44 g/100 g protein. On the other hand, glutamic and aspartic acids revealed the highest values of all non-essential amino acids in all kernel flour content. Meanwhile, cysteine and histidine contents gave the lowest values. The highest value of glutamic was recorded in apricot kernel flour (23.52 g/100 g protein), followed by peach kernel flour (23.25 g/100 g protein) and mango kernel flour (20.33 g/100 g protein). In contrast, the highest value of aspartic was recorded in apricot kernel flour (16.27 g/100 g protein), followed by peach kernel flour (11.30 g/100 g protein) and mango kernel flour (10.50 g/100 g protein). Zayan et al. [44] found that defatted apricot kernel powder contained 12.82, 20.75, 2.53, 4.73, 1.27, 5.38, 11.86, 5.93, 7.52, and 72.79 g/100 g protein for aspartic, glutamic, histidine, arginine, cysteine, serine, glycine, tyrosine, alanine and total non-essential amino acids, respectively.
Data showed total non-essential amino acids were 70.50, 72.50 and 63.23 g/100 g protein for apricot, peach and mango kernel flours, respectively. These results agreed with Zein et al. [47] studied the amino acid composition in mango kernel flour; they found that the total non-essential amino acids were 56.69 g/100 g protein. Meanwhile, glutamic acid recorded the highest value of all non-essential amino acids, 23.23 g/100 g protein.

Chemical score, limiting amino acids, protein efficiency ratio and biological value of apricot, peach and mango kernel flours:
The results in Table 2 demonstrated the chemical score, limiting amino acids, protein efficiency ratio and biological value of apricot, peach and mango kernel flours. Data revealed that lysine (37.39, 44.78 and 65.21) was the first limiting amino acid in peach, apricot and mango kernel flours; respectively. Meanwhile, the second limiting amino acid was isoleucine (58.54, 63.09 and 78.72) in peach, apricot and mango kernel flours, respectively. The first limiting amino acid in mango kernel protein was methionine, followed by threonine [47]. While, Fowomola [50] found that lysine was the first limiting amino acid, followed by threonine. El-Safy et al. [49] reported that threonine and lysine were the first and second limiting amino acids in apricot kernel protein, respectively. Methionine and cysteine recorded the first limiting amino acid in apricot and peach kernels protein [45].Table 2Chemical score, limiting amino acids, protein efficiency ratio and biological value of apricot, peach and mango kernel flours


	Essential amino acids
	Chemical score
	Human Milka

	Apricot
	Peach
	Mango

	Isoleucine
	63.09 ± 0.55B
	58.54 ± 0.36C
	78.72 ± 0.85A
	55

	Leucine
	69.37 ± 0.27B
	64.06 ± 0.75C
	85.00 ± 0.12A
	96

	Lysine
	44.78 ± 0.46B
	37.39 ± 0.52C
	65.21 ± 0.16A
	69

	Methionine + Cysteine
	75.75 ± 0.30B
	69.09 ± 0.30C
	126.06 ± 0.60A
	33

	Phenylalanine + Tyrosine
	97.44 ± 0.28A
	82.55 ± 0.12C
	94.04 ± 0.16B
98.40 ± 0.70A
	94

	Threonine
	68.86 ± 0.45B
	69.31 ± 0.55B
	44

	Tryptophan
	77.05 ± 0.58C
	90.00 ± 0.50B
	97.05 ± 0.53A
	17

	Valine
	87.63 ± 0.36B
	81.63 ± 0.31C
	112.0 ± 0.55A
	55

	First limiting A. A
	Lysine
	Lysine
	Lysine
	 
	Second limiting A. A
	Isoleucine
	Isoleucine
	Isoleucine
	 
	PERb
	2.18 ± 0.01B
	2.03 ± 0.02C
	2.86 ± 0.01A
	 
	BVc
	72.85 ± 0.10B
	71.27 ± 0.21C
	80.01 ± 0.06A
	 

aHuman Milk = mg Essential amino acid/g protein FAO/WHO (2007)
bProtein efficiency ratio
cBiological value
Values are the mean of triplicate determinations with standard division
The different letters at the row means significant differences at (p ≤ 0.05) and the same letters means no significant differences



On the other hand, the highest protein efficiency ratio (2.86) and biological value (80.01) were recorded for mango kernel flour. In contrast, the lowest value of protein efficiency ratio (2.03) and biological value (71.27) were recorded for peach kernel flour. Similar results were reported by Dakare et al. [51], who found that protein efficiency ratio and biological value were 2.06 and 71.59, respectively for mango kernel protein. Abd El-Rahman et al. [45] reported that the protein efficiency ratio and biological value were (1.83), (1.99) and (69.16), (70.85) for apricot and peach kernels protein, respectively.

Computation of A/E ratio
The data given in Table 3 represented the A/E ratio between individual essential amino acid content (mg) and total essential amino acid content (g) of apricot, peach and mango kernel flours as compared with FAO recommendations for school children and adults. The data revealed that levels of leucine, valine, phenylalanine and tryptophan were higher than that recommended by FAO for school children and adults. At the same time, lysine and methionine were lower than FAO recommendations for school children and adults in apricot and peach kernel flours. In contrast, the content of isoleucine and threonine was lower than the recommended by FAO for a school child.Table 3Computation of A/E ratio of apricot, peach and mango kernel flours compared with FAO (1985)


	Essential amino
acids
	A/E ratio
	FAO (1985)

	Apricot
	Peach
	Mango
	School child Adult

	Isoleucine
	120.15 ± 0.91A
	120.23 ± 1.28A
	118.76 ± 0.78A
	126
	117

	Leucine
	230.60 ± 0.77A
	229.64 ± 2.03A
	223.80 ± 0.79B
	198
	171

	Lysine
	106.99 ± 0.57B
	96.34 ± 0.69B
	123.42 ± 1.06A
	198
	144

	Methionine
	30.12 ± 0.74B
	29.87 ± 0.89B
	54.85 ± 1.71A
	99
	153

	Phenylalanine
	194.94 ± 0.80A
	185.21 ± 0.21B
	146.18 ± 0.99C
	99
	171

	Threonine
	104.91 ± 0.53C
	113.89 ± 0.92B
	118.76 ± 1.45A
	126
	81

	Tryptophan
	45.36 ± 0.90B
	57.13 ± 0.85A
	45.25 ± 1.20B
	40
	45

	Valine
	166.89 ± 0.48B
	167.66 ± 0.00AB
	168.95 ± 1.17A
	112
	117


Values are the mean of triplicate determinations with standard division
The different letters at the row means significant differences at (p ≤ 0.05) and the same letters means no significant differences



On the other hand, the content of leucine, valine and tryptophan were higher than that recommended by FAO for school children and adults. At the same time, lysine and methionine were lower than FAO recommendations for school children and adults in mango kernel flours. While, the levels of isoleucine and threonine were, lower than the recommended by FAO for a school child.

Physico-chemical properties of apricot, peach and mango seed kernel oils:
Fats and edible oils have a variety of physical and chemical properties that are important for determining their palatability, quality assurance and consumer acceptability. These properties are also linked to the safe, healthy standards for these oils and the foods that are prepared or processed. Thereupon, these quality assurances of apricot, peach and mango kernel oils to assess the possible use of it as edible oils were determined.
The results for some physicochemical properties of the extracted oils from the different seed kernels are presented in Table 4. The investigated seed kernel oils exhibited a significant (p ≤ 0.05) variation for most physicochemical properties such as specific gravity, acid value, peroxide value and saponification number.Table 4Physicochemical properties of Apricot, peach and mango seed kernel oils


	Physiochemical
properties
	Apricot seed oil
	Peach seed oil
	Mango seed oil

	Specific gravity
	0.9136 ± 0.00A
	0.9153 ± 0.00A
	0.8969 ± 0.00B

	Acid value
	1.35 ± 0.06B
	0.97 ± 0.03C
	1.59 ± 0.06A

	Peroxide value (meq O2/kg oil)
	1.06 ± 0.11B
	0.73 ± 0.10C
	1.93 ± 0.12A

	Saponification number (mg of KOH/g of oil)
	192.60 ± 0.93B
	188.24 ± 1.94C
	199.77 ± 2.85A


Values are the mean of triplicate determinations with standard division
The different letters at the row means significant differences at (p ≤ 0.05) and the same letters means no significant differences



Vegetable oil handling and storage are influenced by its specific gravity, which is also connected to the amount of fatty acids present in the oil and the number of carbon atoms or average molecular weight of the fatty acids. The specific gravity of the studied samples of the oils were as follows: 0.9136 for apricot, 0.9153 for peach and 0.8969 for mango oil. These results are in agreement with those reported by Ebrahim & El Gaali, [52], who found that the specific gravity of the extracted oils were 0.840, 0.772, 0.820, 0.750 and 0.940 for Abu-samaka, Baladia, D. Night, Elphons and Sennaria mango cultivars, respectively.
One of the most critical chemical constants for ensuring the quality of edible fats and vegetable oils is the free fatty acid content, also known as acid value (% as oleic acid). It serves as a reliable indicator of the degree of hydrolysis that occurs in oils both before and during extraction procedures. Data presented in Table 4 showed that free fatty acid (FFA) contents of apricot, peach and mango kernel oils were 1.35, 0.97 and 1.59%, respectively. The low acidity obtained for peach kernel oil is an indication that the triacylglycerols present have not been hydrolyzed. These results agreed with that obtained by previous studies [20, 53, 54]. Whereas the (FFA) content of seed kernel oils in the present investigation were much lower than those (7.80, 1.3 and 3.97%) reported by [15, 55, 56] for apricot, peach and mango seed kernel oils, respectively. The lack of hydrolytic rancidity brought on by lipases and the low free fatty acid content in seed kernel oils allowed for the direct use of such oils in industries without further neutralization, as described by Kittiphoom & Sutasinee, [57].
On the other hand, seed kernel oils had a high quality due to the low level of peroxide value. One of the most crucial tests for determining oxidative rancidity in oils is the peroxide value, which measures the concentrations of peroxides and hydroperoxides produced during the early stages of lipid oxidation. The peroxide value of peach seed kernel oil in the present study was 0.73 meq O2/kg oil, which was lower than 1.06 and 1.93 meq O2/kg oil for apricot and mango seed kernel oil, respectively. The lowest peroxide values obtained with the peach seed oil could be attributed to high level of phenolic compounds or antioxidants, preventing the peroxidation in polyunsaturated fatty acid of the oil. This value agreed with that reported by other studies [20, 55, 58].
A low saponification number occurs because fat contains some impurities that cannot be saponified, which is why the saponification value is crucial for determining the quality of fats. The obtained results in Table 4 showed that the saponification number of apricot, peach and mango seed kernel oils were 192.60, 188.24 and 199.77 mg KOH/g oil, respectively, which was in close approximately agreement with the value obtained by previous studies [52, 55, 59]. While this result was lower than those were (207.5 and 199.4 mg KOH/g oil) reported by [26, 60] for mango and apricot seed kernel oils; respectively. Peach seed oil had the lower saponification number may be due to related with fatty acids composition; high saponification value is an indication of the presence of fatty acids with higher number of carbon atoms. It provides information on the average molecular weight and hence, chain length of a lipid [61].

Fatty acid composition of apricot, peach and mango seed kernel oils:
It is commonly recognized that understanding a novel vegetable oil's fatty acid makeup can help predict its potential uses for edible or industrial products, and relate potential oxidation to particular unsaturated fatty acids. Additionally, the oxidative state, stability, and safe, healthy quality of these lipids are all significantly connected with the fatty acid content of dietary oils and fats [62]. Therefore, the fatty acids composition of apricot, peach and mango kernel oils was carried out by gas chromatography analysis; the obtained data are recorded in Table 5.Table 5Fatty acids composition of apricot, peach and mango seed kernel oils


	Fatty acids
	Carbon chain
	Samples

	Apricot
	Peach
	Mango

	Saturated

	 Caprylic
	C8:0
	NDa
	NDa
	0.20 ± 0.01

	 Capric
	C10:0
	NDa
	NDa
	0.16 ± 0.03

	 Lauric
	C12:0
	1.42 ± 0.03B
	0.90 ± 0.10C
	1.88 ± 0.03A

	 Myristic
	C 14:0
	0.39 ± 0.02B
	0.16 ± 0.01C
	0.62 ± 0.02A

	 Palmitic
	C 16:0
	7.11 ± 0.01C
	7.64 ± 0.04B
	10.77 ± 0.02A

	 Heptadecanoic
	C17:0
	NDa
	NDa
	0.15 ± 0.02

	 Stearic
	C 18:0
	1.54 ± 0.02C
	1.91 ± 0.02B
	35.56 ± 0.02A

	 Arachidic
	C 20:0
	0.17 ± 0.01B
	0.16 ± 0.01B
	2.09 ± 0.01A

	 Behenic
	C22:0
	NDa
	NDa
	0.43 ± 0.02

	Unsaturated

	 Palmitoleic
	C 16:1
	0.67 ± 0.02A
	0.36 ± 0.03B
	NDa

	 Oleic
	C 18:1
	59.87 ± 0.06A
	54.94 ± 0.05B
	41.76 ± 0.03C

	 Vaccenic
	C 18:1
	1.50 ± 0.11A
	0.98 ± 0.01B
	0.36 ± 0.01C

	 Linoleic
	C 18:2
	26.61 ± 0.01B
	32.42 ± 0.08A
	5.25 ± 0.03C

	 Linolenic
	C 18:3
	0.39 ± 0.01B
	0.20 ± 0.03C
	0.47 ± 0.02A

	 Gadoleic
	C 20:1
	0.12 ± 0.01B
	0.10 ± 0.01B
	0.19 ± 0.01A

	Total saturated fatty acids (TSFA)
	10.63 ± 0.05B
	10.77 ± 0.16B
	51.86 ± 0.01A

	Total unsaturated fatty acids (TUSFA)
	89.16 ± 0.17A
	89.00 ± 0.10A
	48.03 ± 0.02B

	Essential fatty acids
	27.00 ± 0.04B
	32.62 ± 0.07A
	5.72 ± 0.01C

	TSFA / TUSFA
	0.11 ± 0.01C
	0.12 ± 0.01B
	1.07 ± 0.01A


aND = not detected
Values are the mean of triplicate determinations with standard division
The different letters at the row means significant differences at (p ≤ 0.05) and the same letters means no significant differences



The obtained results showed that the total saturated fatty acids content in apricot, peach and mango seed oils were 10.63, 10.77 and 51.86%, respectively, while the total unsaturated fatty acids contents were 89.16, 89.00 and 48.03%; thus, the ratio between total saturated and total unsaturated (TSFA/TUSFA) were recorded as 0.11, 0.12 and 1.07 for apricot, peach and mango seed kernel oils, respectively. These results confirmed those of Mohamoud, [63] who found the total saturated and unsaturated fatty acids content in mango kernel oil were 51.86 and 47.86%. The peach seed oil contained about 8.71% total saturated fatty acids and 91.27% total unsaturated fatty acids [20], while apricot seed oil was 5.56% total saturated fatty acids and 94.44% total unsaturated fatty acids [55].
Among the unsaturated fatty acids, oleic and linoleic were the predominant acids in all seed kernel oils. The highest values of oleic and linoleic acids were obtained in apricot oil at 59.87 and 26.61%, respectively, followed by peach oil 54.94 and 32.42%, respectively. The lowest values 41.76 and 5.25% of oleic and linoleic were observed in mango oils, respectively. The presence of high amounts of the essential oleic suggests that the apricot, peach and mango kernel oils could be used in some as nutrient-rich food [27]. These results agreed with Song et al. [64], who found that apricot kernel oil contained 50.66% oleic acid, 32.65% linoleic acid. Özcan et al. [55] evaluated the fatty acid composition extracts of peach kernel oil, and reported that oleic and linoleic acids were 57.46 and 25.44%, respectively. Oleic and linoleic acids contents of almond ranged from 71.98% to 78.68% and 12.02 to 17.65% depending on harvest time, respectively [65]. While in mango kernel oil, oleic and linoleic acids were 43.77 and 6.78% respectively [66].
High oleic acid (omega-6) concentrations help lower blood cholesterol levels and reduce the incidence of cardiac issues [67]. Oleic acid is currently the subject of a new study due to the recent revelation that it protects against breast cancer. A cancer-causing oncogene termed HER-2/neu, which is present in around 30% of breast cancer patients, is inhibited by oleic acid [68]. Similarly, it has been conclusively demonstrated that linoleic acids suppress carcinogenesis and lower the incidence of cancers in a number of experimental animal models [69].
On the other hand, Data in Table 5 showed that the major saturated fatty acids in mango seed kernel oil were stearic and palmitic acids which recorded 35.56 and 10.77%, respectively. While apricot and peach seed kernel oils presented relatively low contents of stearic (1.54 and 1.91) and palmitic (7.11 and 7.64%), respectively. These results agree with those obtained by other studies [20, 70]. On the other hand, Banjanin et al. [71] determined 4.24–5.83% palmitic, 1.13–2.18% stearic, 61.39–77.15% oleic and 16.02–30.06% linoleic acids in 12 Serbia regional and commercial almond (Prunus dulcis) cultivars.


Conclusions
It is necessary to look for answers to get through this challenging moment in the next years at a time when the globe is experiencing many changes, including global climate change, resource depletion, rational and sustainable agriculture production and overpopulation. Fruit kernels are a nutritionally interesting source of vegetable protein and oils which make up their weight's second-most abundant component. From the results, it may be inferred that the apricot, peach, and mango seed kernel provenances had high amino acid levels and quality protein. Oils' physicochemical qualities and fatty acid profiles indicate that the kernels can be a viable resource for producing high-quality essential oil products. The high quality and nutritional value of kernel oils has potential application in human foods.

Acknowledgements
This work was supported by the Faculty of Agriculture, Al-Azhar University, Assiut and Faculty of Agriculture, Sohag University, Egypt.

Author contributions
All authors of this research contributed to the conception of the study; MAM, conceptualization, validation, methodology, data acquisition, statistical analysis, interpretation, and writing of the original draft; MAS, AEM, SMH supervision, validation and writing-review and editing. All the authors have read and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank (EKB).

Availability of data and materials
The data sets used or analyzed during this study are available to readers as in the manuscript.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


Change History
8 January 2024A Correction to this paper has been published: https://​doi.​org/​10.​1186/​s40538-023-00519-z


References
	1.
Dutt C, Chhabra A, Singh N, Bujarbaruah K. Nutritional characteristics of horticultural crop residues as ruminant feeds. Indian J Anim Sci. 2008;78:312–6.


	2.
Garcia-Peña EI, Parameswaran P, Kang D, Canul-Chan M, Krajmalnik-Brown R. Anaerobic digestion and co-digestion processes of vegetable and fruit residues: process and microbial ecology. Biores Technol. 2011;102(20):9447–55.


	3.
Deng G-F, Shen C, Xu X-R, Kuang R-D, Guo Y-J, Zeng L-S, et al. Potential of fruit wastes as natural resources of bioactive compounds. Int J Mol Sci. 2012;13(7):8308–23.PubMedPubMedCentral


	4.
Adeyeye EIJ. Comparability of the amino acid composition of aril and seed of Blighia sapida fruit. African J Food, Agric, Nutr Dev. 2011;11(3):4810–27.


	5.
Mirhosseini H, Amid BT. Effect of different drying techniques on flowability characteristics and chemical properties of natural carbohydrate-protein Gum from durian fruit seed. Chem Cent J. 2013;7(1):1–14.PubMedPubMedCentral


	6.
Binita K, Kumar S, Sharma VK, Sharma V, Yadav S. Proteomic identification of Syzygium cumini seed extracts by MALDI-TOF/MS. Appl Biochem Biotechnol. 2014;172(4):2091–105.PubMed


	7.
Ambigaipalan P, Al-Khalifa AS, Shahidi F. Antioxidant and angiotensin I converting enzyme (ACE) inhibitory activities of date seed protein hydrolysates prepared using Alcalase, Flavourzyme and Thermolysin. J Funct Foods. 2015;18:1125–37.


	8.
Sharma P, Tilakratne B, Gupta A. Utilization of wild apricot kernel press cake for extraction of protein isolate. J Food Sci Technol. 2010;47(6):682–5.PubMedPubMedCentral


	9.
Zhang J, Gu H-D, Zhang L, Tian Z-J, Zhang Z-Q, Shi X-C, et al. Protective effects of apricot kernel oil on myocardium against ischemia–reperfusion injury in rats. Food Chem Toxicol. 2011;49(12):3136–41.PubMed


	10.
Dhen N, Rejeb IB, Martínez MM, Román L, Gómez M, Gargouri M. Effect of apricot kernels flour on pasting properties, pastes rheology and gels texture of enriched wheat flour. Eur Food Res Technol. 2017;243(3):419–28.


	11.
Amirshaghaghi Z, Rezaei K, Habibi RM. Characterization and functional properties of protein isolates from wild almond. J Food Meas Charact. 2017;11:1725–33.


	12.
Seker IT, Ozboy-Ozbas O, Gokbulut I, Ozturk S, Koksel H. Utilization of apricot kernel flour as fat replacer in cookies. J Food Process Preserv. 2010;34(1):15–26.


	13.
Martínez ML, Marín MA, Gili RD, Penci MC, Ribotta PD. Effect of defatted almond flour on cooking, chemical and sensorial properties of gluten-free fresh pasta. Int J Food Sci Technol. 2017;52(10):2148–55.


	14.
Liu Y, Hwang H-J, Kim H-S, Park H. Time and intervention effects of daily almond intake on the changes of lipid profile and body composition among free-living healthy adults. J Med Food. 2018;21(4):340–7.PubMedCentral


	15.
Hussain I, Gulzar S, Shakir I. Physico-chemical properties of bitter and sweet apricot kernel flour and oil from North of Pakistan. Int J Food Safety. 2011;13:11–5.


	16.
Shariatifar N, Pourfard IM, Khaniki GJ, Nabizadeh R, Akbarzadeh A, Nejad ASM. Mineral composition, physico-chemical properties and fatty acids profile of Prunus armeniaca Apricot Seed Oil. Asian J Chem. 2017;29(9):2011–5.


	17.
Sánchez-Vicente Y, Cabañas A, Renuncio JA, Pando C. Supercritical fluid extraction of peach (Prunus persica) seed oil using carbon dioxide and ethanol. J Supercrit Fluids. 2009;49(2):167–73.


	18.
Pelentir N, Block JM, Monteiro Fritz AR, Reginatto V, Amante ER. Production and chemical characterization of peach (Prunus persica) kernel flour. J Food Process Eng. 2011;34(4):1253–65.


	19.
El Saadany, R. M. A., Kalaf, H. H., & Soliman, M. Characterization of lipids extracted from peach kernels. In International Symposium on Postharvest Treatment of Horticultural Crops. 1993; 368: 123–131.


	20.
Wu H, Shi J, Xue S, Kakuda Y, Wang D, Jiang Y, et al. Essential oil extracted from peach (Prunus persica) kernel and its physicochemical and antioxidant properties. LWT-Food Sci Technol. 2011;44(10):2032–9.


	21.
Zhao X, Wang H, You J, Suo Y. Determination of free fatty acids in bryophyte plants and soil by HPLC with fluorescence detection and identification by online MS. Chromatographia. 2007;66(3):197–206.


	22.
Abdulkarim S, Long K, Lai OM, Muhammad S, Ghazali H. Frying quality and stability of high-oleic Moringa oleifera seed oil in comparison with other vegetable oils. J Food Chem. 2007;105(4):1382–9.


	23.
Shahbandeh, M. Mango production worldwide from 2000 to 2017. (In million metric tons) (2018) https://​www.​statista.​com/​statistics/​577951/​world-mango-production/​. Accessed 13 Sept 2019.


	24.
Alencar WS, Acayanka E, Lima EC, Royer B, de Souza FE, Lameira J, et al. Application of Mangifera indica (mango) seeds as a biosorbent for removal of Victazol Orange 3R dye from aqueous solution and study of the biosorption mechanism. Chem Eng J. 2012;209:577–88.


	25.
Abdalla AE, Darwish SM, Ayad EH, El-Hamahmy RM. Egyptian mango by-product 1. Compositional quality of mango seed kernel. Food Chem. 2007;103(4):1134–40.


	26.
Nzikou J, Kimbonguila A, Matos L, Loumouamou B, Pambou-Tobi N, Ndangui C, et al. Extraction and characteristics of seed kernel oil from mango (Mangifera indica). Res J Environ Earth Sci. 2010;2(1):31–5.


	27.
Kittiphoom S, Sutasinee S. Mango seed kernel oil and its physicochemical properties. Int Food Res J. 2013;20(3):1145–9.


	28.
Bolarinwa IF, Orfila C, Morgan MRJFc. Amygdalin content of seeds, kernels and food products commercially-available in the UK. Food chem. 2014;152:133–9.


	29.
Fan X, Zhang Q, Liu M, Tian CJS. Progress in detoxification techniques of apricot kernels. Sci Technol Food Industry. 2014;35(7):396–9.


	30.
Soliman A, Rizk E. Physicochemical, biological and sensory evaluation of cookies fortified with protein from defatted peach kernel meal. Ann Agric Sci Cairo. 2004;49(2):571–84.


	31.
Lakshmi M, Preetha R, Usha R. Mango (Mangifera indica) Stone Kernel Flour–A Novel Food Ingredient. Malays J Nutr. 2016;22(3):461–7.


	32.
Shabeer M, Sultan MT, Abrar M, Suffyan Saddique M, Imran M, Saad Hashmi M, et al. Utilization of defatted mango kernel in wheat-based cereals products: nutritional and functional properties. Int J Fruit Sci. 2016;16(4):444–60.


	33.
Pellett PL, Young VR. Nutritional evaluation of protein foods; report of a working group sponsored by the International Union of Nutritional Sciences and the United Nations University World Hunger Programme. 1980.


	34.
Sastry CSP, Tummuru MK. Spectrophotometric determination of tryptophan in proteins. J Food Sci Technol. 1985;22:146–7.


	35.
Bhanu NV, Ramachandra G, Monteiro PV. Evaluation of proteins isolated form Cassia uniflora as a source of plant protein. J Sci Food Agric. 1991;54:659–62.


	36.
Alsmeyer RH, Cunningham AE, Happich ML. Equations predict PER from amino acid analysis. Food Technol. 1974;28:34–40.


	37.
Mitchell HA, Block J. The correlation of the amino acid composition of protein with nutritive value. Nutr Abstr Rev. 1946;16(2):249–78.


	38.
FAO. Food and Agriculture Organization of the United Nations. Rome: FAO nutrition meetings report series no.37. 1965.


	39.
AOAC. Official Methods of Analysis 21thEd. Association of Official Agriculture, Washington DC. Analytical Chemists International Arligton, Virginia, USA. 2019.


	40.
Mapiye C, Chimonyo M, Dzama K, Hugo A, Strydom P, Muchenje V. Fatty acid composition of beef from Nguni steers supplemented with Acacia karroo leaf-meal. J Food Compos Analysis. 2011;24(4–5):523–8.


	41.
IUPAC. Standard Method for the Analysis of Oils Fats and Derivatives 6th Ed., C. Paquot (edr.). Pergamon Press Ltd, Oxford, United Kingdom.1987


	42.
FAO/WHO. Protein and amino acid requirements in human nutrition. Report of a joint FAO/WHO/UNU expert consultation (WHO Technical Report Series 935). World Health Organization, Food and Agriculture Organization of the United Nations, United Nations University; 2007.


	43.
Mahmoud MHM. Utilization of mango kernels after removing antnutritional maters in biscuit production. Ann Agric Sci, Moshtohor. 2009;47(3):227–36.


	44.
Zayan AF, El-Gharably AM, El-Bialy AR. Effect of partial substitution of supplementary skim milk powder with defatted apricot kernel powder on the quality of ice cream and yoghurt. J Food Dairy Sci. 2010;1(9):495–505.


	45.
Abd El-Rahman AA, El-Hadary AE, Abd El-Aleem MI. Detoxification and nutritional evaluation of peach and apricot meal proteins. J Biol Chem Environ Sci. 2015;10(3):597–622.


	46.
Torres-León C, Rojas R, Contreras-Esquivel JC, Serna-Cock L, Belmares-Cerda RE, Aguilar CN. Mango seed: functional and nutritional properties. Trends Food Sci Technol. 2016;55:109–17.


	47.
Zein RE, El-Bagoury A, Kassab HE. Chemical and nutritional studies on mango seed kernels. J Food Dairy Sci. 2005;30(6):3285–99.


	48.
Kassab HE, Zein RE, Bessar BA. Some physical, chemical, biological and technological on wheat and triticale. Agric SciMansoura Univ. 2000;25(12):7907–16.


	49.
El-Safy FS, Salem RH, Abd E-G. Chemical and nutritional evaluation of different seed flours as novel sources of protein. World J Dairy food Sci. 2012;7(1):59–65.


	50.
Fowomola MA. Some nutrients and antinutrients contents of mango (Magnifera indica) seed. African J Food Sci. 2010;4(8):472–6.


	51.
Dakare MA, Ameh DA, Agbaji AS, Atawodi SE. Chemical composition and antinutrient contents of yellow maize, raw and processed composite mango (Mangifera indica) seed kernel from Zaria, Kaduna State Nigeria. Int J Adv Res. 2014;2(7):90–7.


	52.
Ebrahim AA, El Gaali EE. Physiochemical properties of mango (Mangifera indica L.) seed Kernel’s Oil. Sudan Acad Sci J. 2015;10:80–92.


	53.
Gupta A, Sharma P, Tilakratne B, Verma AK. Studies on physico-chemical characteristics and fatty acid composition of wild apricot (Prunus armeniaca Linn.) kernel oil. 2012;3(3): 366–370.


	54.
Kemal M. Optimization of Process Parameters for the Extraction of Oil from Mango Seed Kernel (Mangifera
indica) for Cosmetics Application. Ph.D. Thesis. School of Chemical and Bio Engineering, Addis Ababa Institute of Technology, Addis Ababa University, Ethiopia; 2015


	55.
Özcan M, Ünver A, Arslan D. A research on evaluation of some fruit kernels and/or seeds as a raw material of vegetable oil industry. Quality Assur Safety Crops Foods. 2015;7(2):187–91.


	56.
Yatnatti S, Vijayalakshmi D, Chandru R. Processing and nutritive value of mango seed kernel flour. Current Res Nutr Food Sci J. 2014;2(3):170–5.


	57.
Kittiphoom S, Sutasinee S. Utilization of mango seed. Int Food Res J. 2012;19(4):1325–35.


	58.
Fahimdanesh M, Bahrami ME, editors. Evaluation of physicochemical properties of Iranian mango seed kernel oil. International Conference on Nutrition and Food Sciences; 2013.


	59.
Shahid I, Dildar A. Nutritional and physicochemical studies on fruit pulp, seed and shell of indigenous Prunus persica. J Med plants Res. 2011;5(16):3917–21.


	60.
Manzoor M, Anwar F, Ashraf M, Alkharfy KJGYA. Physico-chemical characteristics of seed oils extracted from different apricot (Prunus armeniaca L.) varieties from Pakistan. Grasas y aceites. 2012;63(2):193–201.


	61.
Gohari AA, Farhoosh R, Haddad KMH. Chemical composition and physicochemical properties of pumpkin seeds (Cucurbita pepo Subsp. pepo Var. Styriaka) grown in Iran. 2011.


	62.
Abd–ElGhany M. Studies on Egyptian ben (Moringa) seeds as non conventional source of edible oil: Ph. D. Thesis, Faculty of Agriculture, Al–Azhar University, Cairo, Egypt; 2006.


	63.
Allewy YME. Chemical and microbial study of mango and apriot kernels seeds and its effect in the beef burger products. Egyptian J Special Stud. 2016;2015(42):631–53.


	64.
Song Y, Zhang QA, Fan XH, Zhang XY. Effect of debitterizing treatment on the quality of the apricot kernels in the industrial processing. J Food Process Preserv. 2018;42(3): e13556.


	65.
Matthäus B, Özcan MM, Al Juhaimi F, Adiamo OQ, Alsawmahi ON, Ghafoor K, et al. Effect of the harvest time on oil yield, fatty acid, tocopherol and sterol contents of developing almond and walnut kernels. J Oleo Sci. 2018;67(1):39–45.


	66.
Kittiphoom S, Sutasinee S. Mango seed kernel oil and its physicochemical properties. Int Food Res J. 2013;20(3):1145.


	67.
Tholstrup T, Ehnholm C, Jauhiainen M, Petersen M, Høy C-E, Lund P, et al. Effects of medium-chain fatty acids and oleic acid on blood lipids, lipoproteins, glucose, insulin, and lipid transfer protein activities. Am J Clin Nutr. 2004;79(4):564–9.


	68.
Win DT. Oleic acid-The anti-breast cancer component in olive oil. Aust J Educ Technol. 2005;9(2):75–8.


	69.
Clement I, Banni S, Angioni E, Carta G, McGinley J, Thompson HJ, et al. Conjugated linoleic acid-enriched butter fat alters mammary gland morphogenesis and reduces cancer risk in Rats. J Nutr. 2014;129(12):2135–42.


	70.
Fasina O, Craig-Schmidt M, Colley Z, Hallman H. Predicting melting characteristics of vegetable oils from fatty acid composition. LWT-Food Sci Technol. 2008;41(8):1501–5.


	71.
Banjanin T, Nikolic D, Uslu N, Gökmen F, Özcan MM, Milatovic D, et al. Physicochemical properties, fatty acids, phenolic compounds, and mineral contents of 12 Serbia regional and commercial almond cultivars. J Food Process Preserv. 2021;45(1): e15015.




Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Amino acid profile, physico-chemical properties and fatty acids composition of some fruit seed kernels after detoxification


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40538_2023_412_Figa_HTML.png
i dicti heating at 100°C [ Amino Acid Analyzer ]
[ soaked in distilled ]+[ for 30 min in 0.1% ] N

water (48 h) NaHCO.
'3

" et

el ST

/
E-

Kernel oils

[ Gas Chromatography ]






OEBPS/images/40538_2023_412_Fig1_HTML.png
Seeds outer shell was washed
with tap water to remove the
remaining fruit pulp

—_1






OEBPS/images/40538_2023_412_Fig2_HTML.png
[ kernels were collected

2

[ Soaked in distilled water for (48 h)

i Heating at 100°C for 30 minutes in
0.1% NaHCOs

A .

' Dried at (50°C) in an electric oven for |
| (24 h)

-

Ground into a fine flour

L

i Kept in air-tight polythene bags and i
stored at (4°C)






OEBPS/images/40538_2023_412_Article_TeX_Equc.png
B.V = 49.9+ 10.53 (PER)





OEBPS/images/40538_2023_412_Article_TeX_Equd.png
mg of the individual essential amino acid

A/FE ratio =
/ gm of total essential amino acids





OEBPS/images/40538_2023_412_Article_TeX_Equa.png
mg of essential amino acid in 1 gm test protein

Cs = x 100

mg of essential amino acid in 1 gm reference protein





OEBPS/images/40538_2023_412_Article_TeX_Equb.png
PER = - 0.468 + 0.454 (Leucine) —0.105





OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





