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Abstract 

 

The aim of the study was to assess the protein quality of raw 

apricot kernels and study the effect of soaking and roasting 

processes on the bioavailability of the treated samples. Raw apricot 

(prunus armeniaca) kernels were subjected to roasting, soaking and 

soaking followed by roasting processes. Chemical composition, 

mineral content, phytochemical characterization, amino and fatty 

acids analysis of treated kernels meals were performed. Protein 

quality (biological value, digestibility and net protein utilization) was 

conducted using male albino rats.  

 

The quality of the extracted oils was judged by measuring 

peroxide value, free fatty acids and iodine value. GC-MS analysis of 

treated kernels meals and extracted oils was included in the 

study.Biological value of raw apricot kernels (RAK), roasted kernel 

(RK), soaked kernels (SK) and roasted soaked kernels (RSK) meals 

were of 79.34, 49.14, 72.94 and 64.66%, respectively. True 

digestibility ranged from 94.0, 77.14, 93.65 and 85.33%, respectively. 
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Net protein utilization recorded 74.58, 37.91, 68.31 and 55.17, 

respectively.The results indicated that crude protein was 31.45, 

37.15, 27.1 and 26.7%, respectively. 

 

The tested samples had high fat content valued 31.07, 17.25, 

35.05 and 38.91%, respectively. Fibers ranked for 11.4, 15.6, 17.51 

and 19.04%, respectively.Carbohydrate amounted to 17.3, 21.9, 

13.94 and 9.73%, respectively. Raw and roasted kernels had 

maximum phosphorous content of 6109 and 6963 ppm, followed by 

soaked kernels (2645) and roasted soaked kernels (2327). All 

samples were packed with iron (48.55-60.15 ppm), zinc (33.49-54.30 

ppm) and copper (9.46-15.8 ppm). Amino acids profile ascertained 

that glutamic was the most abundant recording 6.51, 6.66, 6.08 and 

5.77%, respectively. Total antioxidant capacity of the roasted kernels 

was 2301, followed by raw kernels (1127), soaked kernels (190) and 

finally roasted soaked kernels 311.3 mg AAE/100g. Ferric reducing 

antioxidant power (FRAP) increased by increasing the concentration 

mediating a high reducing ability of all type of kernels.  

 

Total phenols accounted for 13.68, 26.48, 17.06 and 18.64 

mg GAE/100g, respectively and flavonoid content were 6.12, 10.52, 

5.67 and 8.14 mg QE/100g, respectively. Qualitative determination of 

glycosides ensured its presence in the raw and treated kernels. 

Soaked kernels had the low concentration of tannin (0.57%) 

considered as anti-nutrient factor.GC-MS analysis of RAK and RK 

revealed the existence of amygdalin at 2.47and 0.83%, respectively. 

Whereas, SK and RSK were free from amygdalin.  The extracted oils 

had peroxide value of 23.17, 5.79, 1.67 and 2.34 Meq o2 /Kg oil, 

respectively. Free fatty acid valued 2.66, 0.12, 7.3 and 6.58%, 

respectively. Iodine value registered 106.13, 106.5, 106.43 and 
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105.19 mg KOH/g, respectively. Fatty acid profile ensured that oleic 

acid was the most abundant in all tested oil samples accounted for 

60.82, 60.54, 60.54 and 61.49%, respectively. Linoleic acid was the 

second major fatty acid valued 25.94, 26.06, 26.07 and 26.13%, 

respectively. GC-MS analysis ensured the presence of several 

structural related bioactive compounds in the extracted oils. It can be 

concluded that raw and treated apricot kernels are good sources of 

protein, fat and fiber and considered as natural antioxidants packed 

with iron, zinc, phosphorous and copper. Thus, kernels served as 

potential sources for use in several food industries.  

 

Introduction 

 

The main production areas of apricots (Prunus armeniaca) 

are the Mediterranean and Middle East. (FAOSTAT, 2013) stated 

that the production of apricot in Egypt was 98.772 tones. Apricot 

kernels are byproducts of the apricot processing industry (Tuncel et 

al., 1998). Apricot kernels had poor palatability and often discarded 

causing serious waste disposal and environmental pollution. 

 

Two main varieties of apricot kernels can be easily 

differentiated, sweet and bitter. Bitter kernels is a good source of 

amygdaline, which is about 4.5%–6.5% of dry kernels (Femenia et 

al., 1995). The oil of bitter kernels (53%) is used in cosmetics and 

aroma perfume (Hallabo et al., 1975) or as a cheaper substitute of 

bitter almond oil. Bitter apricot kernels can be used as a substitute of 

bitter almonds, a more expensive kernel, to produce “persipan” a 

material used in confectionery and bakery products (Femenia et al., 

1995). Apricot kernels can also be of interest as a food or feed 

ingredient because of their high crude protein content (20%–25%, dry 
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weight basis) (Tuncel et al., 1998). Sweet apricot kernels can be 

added to bakery prodcts as whole or ground kernels, as well as 

consumed as appetizers (Durmaz and Alpaslan, 2007). Apricot 

kernels and almonds are at high risk of aflatoxin contamination but 

they are poorly studied, especially apricot kernels. The first 

notification of aflatoxins in apricot kernels was published in 1999 in 

the European Rapid Alert System for Food and Feed (RASFF) 

network. Between 1999 and 2015 a total of 28 notifications were 

reported for imported apricot kernels, or derived products produced in 

Europe, that were contaminated with high levels of aflatoxins 

(RASFF, 2013). From 2010 the European maximum levels of 

aflatoxin B1 (AFB1) and total aflatoxins (AFs) in apricot kernels 

intended for further processing (12 g/kg for AFB1 and 15 g/kg for total 

AFs) and ready-to-eat (8 g/kg for AFB1 and 10 g/kg for total AFs) 

have been aligned to those of Codex Alimentarius after a positive 

opinion of the European Food Safety Authority (Codex, 2015).     

 

The present work aim to study the effect of soaking and 

roasting processes on physical characteristics and protein quality of 

apricot kernels.  Additionally, raw and processed kernels were 

subjected to solvent extraction to obtain the respective oils. Chemical 

and GC-MS analysis of raw and oils were included in the study to 

present kernels as a new utilizable source in the domain of food 

industry. At the same time, the study provided sufficient data to direct 

its usage to minimize fruit byproducts and improve environmental 

conditions.   
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Material and Methods 

 

Sample preparation  

About one hundred kilograms of bitter apricot seeds were collected 

from different food industries along season of apricot harvest in the 

summer of 2016. Kernels were removed from seeds by hand and 

classified into four equal quantities:Raw apricot Kernels (RAK) 

were dried and remained without any treatment.Roasted Kernels 

(RK): Kernels were roasted at 40-45°C for 25-30 min. 

Soaked Kernels (SK): Kernels were soaked in fresh tap water and 

rinsed daily. The process took 12 days until removing the bitter taste 

and then dried overnight at 45-50 °C. 

Roasted Soaked Kernels (RSK): Dried soaked kernels were 

roasted at 40-45°C for 25-30 min.The four apricot kernels types were 

grounded and kept refrigerated at 4°C until analysis.  

Chemicals and reagents All chemicals and reagents used were 

purchased from Merck (Darmstadt, Germany) and Sigma Chemical 

(St. Louis, MO, USA). All assays were reported and documented in 

different Laboratories of Regional Center for Food and Feed "RCFF", 

Agriculture Research Center "ARC", Egypt; which has been gained 

the international accreditation ISO 17025. 

Extraction of oils According to (Sherif et al., 2011) and (Keyou et 

al.,2016) 720 grams of dried and grounded RAK, RK, SK and RSK 

were soaked individually in 2L petroleum ether overnight for three 

days with continuous shaking, filtered and extra purified with 

chloroform. The solvent was removed by a rotary evaporator at 40 

°C. The extraction yields for the previous treatments were 90 ml pale 

yellow oil, 110 ml clear brown oil, 115 ml deep yellow oil and 115 ml 

deep brown oil, respectively. The extracted oils were stored in a 

sealed brown glass vials at 4 °C until further analysis. The 
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corresponded four defatted meals powder were completely purified 

from the solvent and kept until used in the biological experiment. 

Chemical analysis 

Moisture content, crude protein, fiber and fat were determined for the 

dried RAK, RK, SK and RSK meals according to (AOAC, 2000), ash 

was determined according to (AOAC, 1995). Minerals (phosphorus, 

iron, zinc and copper) were determined according to AOAC (2002).  

According to Sara et al. (2008), carbohydrate content was estimated 

by difference.  

Phytochemical analysis 

The four extracted oils and  the corresponding defatted meals were 

subjected for determination of  phytochemical compounds: total 

flavonoids as adapted by Arvouet-Grand et al. (1994); total phenolic 

content according to Singleton et al. (1999), total antioxidant 

capacity by the method of Prieto et al. (1999); ferric reducing 

antioxidant power (FRAP) according to the method of Oyaizu (1986); 

total tannins according to  Makkar et al. (1993). The determination of 

alkaloids was performed as described by Harbone (1973) and further 

explained by Onwuka (2006). Saponin content of the sample was 

determined by double solvent extraction  method Harbone (1973) & 

Obadoni and Ochuko (2001). Glycosides were identified by the 

method of (Harbone, 1973). 

Fatty acid composition of extracted oils 

Fatty acid composition of extracted oils was trans esterified into their 

corresponding fatty acid methyl esters (FAMEs) using methanolic 

NaOH and boron triflouride (BF3) with methanol as described by 

AOAC (  2012).The FAMEs were quantified by Shematizu Gas 

Chromato-graph Series 662010 equipped with a 2010+autosampler 

(Japan,) and interfaced with a FID. The GC was equipped with a 

temperature programmable column. 

http://www.sciencedirect.com/science/article/pii/S1878535211000116#b0090
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GC-mass identification of oils and kernels meals 

According to Patricia et al. (2013), the identification of components 

was based on a comparison of their mass spectra and retention time 

with those of the authentic compounds and by computer matching 

with NIST and WILY libraries as well as by comparison of the 

fragmentation pattern of the mass spectra data with those reported in 

the literature. 

Determination of Afla and Okratoxins in kernels meals 

Total Aflatoxin and ochratoxin standards were purchased from Sigma 

(St. Louis, MO, USA. Stock solutions of each mycotoxins were 

prepared by dissolving toxin in the appropriate solvent at 

concentration of 1 mg/mL. AFs in toluene/acetonitrile 99:1 and OTA 

in toluene/acetic acid 99:1. Extraction and identification of aflatoxins 

from the four types of kernels meals was performed by HPLC 

technique (Agillent 1200) series U.S.A according to AOAC (2006).  

Biological experiment 

Biological value, true digestibility and net protein utilization were 

determined according to (Eggum, 1973) using male rats weighing 75 

gm in an experimental period lasted for nine days consisting of four 

days pre-experimental period and five days for the main experiment 

as described by Eggum (1973). The experiment was carried using 5 

groups of rats (5 rats/group). Each rat was fed on 150 mg nitrogen 

and about 10 gm dry matter daily. The animals were weighed at the 

beginning of the experiment, shift time and finally at the end of the 

experiment. Urine was collected in 250 ml conical flask filled with 50 

ml 5% H2SO4, while the feces was collected in another flask. Every 

day, the urine funnels with glass wool were sprayed with 5% H2SO4, 

and the plastic net and the funnel were sprayed with 20% citric acid. 

At the end, rest of diet was weighed, urine and feaces contents of 
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nitrogen were determined according to the microkjeldahl method as 

described in (AOAC, 2005). 

 

Results 

 

Chemical composition of raw and treated apricot kernels is 

presented in (Table 1). The obtained results indicated that apricot 

kernels had carbohydrate contents of 9.73-21.9% for RSK and RK. 

Roasted kernels had the highest content with respect to other treated 

samples. Protein valued 26.7-37.15% for RSK and RK. RAK, RK, SK 

and RSK had fat content of 31.07, 17.25, 35.05 and 38.91%, 

respectively. Fibers ranked for 11.4, 15.6, 17.51 and 19.04%, 

respectively.Table (2) summarized the mineral content of treated 

kernels. RAK and RK had maximum phosphorous content of 6109 

and 6963 ppm, followed by SK (2645 ppm) and RSK (2327 ppm). All 

samples were packed with iron (48.55-60.15 ppm), zinc (33.49-54.30 

ppm) and copper (9.46-15.8 ppm). Amino acid profile (Table 3) 

ascertained that glutamic was the most abundant acid recording 

6.51, 6.66, 6.08 and 5.77%, respectively.As shown in (Table 4), 

roasted kernels had the highest total antioxidant capacity of 2301, 

followed by raw kernels (1127), soaked kernels (190) and finally 

roasted soaked kernels 311.3 mg AAE/100g. Total phenols 

accounted for 13.68, 26.48, 17.06 and 18.64 mg GAE/100g, 

respectively and flavonoid content were 6.12, 10.52, 5.67 and 8.14 

mg QE/100g, respectively. Ferric reducing antioxidant power (FRAP) 

increased by increasing the concentration mediating a high reducing 

ability of all types of kernels meals (Fig.1). Qualitative determination 

of glycosides ensured its presence in the raw and treated kernels. 

Soaked kernels had the low concentration of tannin (0.57%) 

considered as anti-nutrient factor. Iodine values of the extracted oils 
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varied from 105.19-106.5 mg KOH/g. Roasted kernels oil had the 

lowest free fatty acids of 0.12%, while soaked kernel oil registered 

the highest value (7.3%) as presented in Table (5).Peroxide value is 

an indication of the amount of hydroperoxides arising from lipid 

oxidation. Low peroxide value of SK (1.67 Meq/Kg) indicating good 

quality.Fatty acids profile (Table 6) ensured that oleic acid was the 

most abundant in all tested oil samples accounted for 60.82, 60.54, 

60.54 and 61.49%, respectively. Linoleic acid was the second major 

fatty acid valued 25.94, 26.06, 26.07 and 26.13%, respectively. 

Appreciable amount of palmitic and vaccinic acids was detected in 

the extracted oils. As shown in Table (7), the extracted oils were free 

from glycosides, tannins, saponins and alkaloids.  FRAP results (Fig. 

2) reflected the antioxidant activities of the extracted oils due to 

phenols and flavonoids contents.GC-MS analysis of dried RAK, RK, 

SK and RSK meals and oils extracted from treated samples ensured 

the existence of several bioactive compounds as shown in (Tables 8, 

9).Table (10) showed the results of afla and okratoxins, all samples 

were free from okratoxins. Aflatoxin was found in traces in SK and 

RSK, while, RAK and RK were free. In vivo evaluation of meals is 

shown in Table (11), results demonstrated that RAK had the highest 

BV, TD and NPU than that in case of SK, RSK and RK meals; but 

they were lower in comparison to casein standard as a reference. RK 

registered the lowest BV, TD and NPU values indicating that thermal 

process affected the protein quality and impacted its in vivo 

utilization. 

 

Discussion 

 

The apricot, Prunus armeniaca L., is a member of the 

Rosaceae, subfamily Prunoideae. The percentage of the kernel in the 
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pit varied from 18.8 to 38.0% (Kappor et al., 1987). Results 

ascertained that apricot kernels could be considered as a source of 

protein, fat, fiber and carbohydrate. These data were strongly 

correlated with Beyer and Melton (1990) who reported that 

carbohydrate amounted to 17.3% and with Gabrial et al. (1981) who 

cited that protein content varied from 14.1 to 45.3%.Our data clearly 

demonstrated increased iron and zinc levels in all tested samples, 

which is in contradiction with Normakhmatov and Khudaishukurov 

(1973) and Ozcan (2000) who reported that iron and zinc valued 

2.82 mg/100g and 2.33 mg/100g, respectively.L-glutamic acid, the 

most abundant in all tested kernel samples, is a non-essential amino 

acid acted as important neurotransmitter for normal and healthy brain 

function (Hardman et al., 2001).  Antioxidant activities of tested 

kernels could be attributed to high phenol and flavonoid contents.  

 

A fact supported by (Perez-Jimenez et al., 2008) who 

attributed  the antioxidant properties of plant foods to their terpenoid, 

carotenoid and phenolic constituents. The high concentration of 

phenolic compounds in fruit peels and seeds provided an appropriate 

justification for the use of fruit byproducts as a source of natural 

antioxidants (Francisco and Resurreccion, 2009).Antinutrients in 

plant foods are responsible for deleterious effects related to the 

absorption of nutrients and micronutrients. However, some 

antinutrients may exert beneficial health effects at low concentrations. 

The biologically active phytochemicals (tannins and saponnins) have 

curative properties. Saponins are attracting considerable interest as a 

result of their beneficial effects in humans. Recent evidence suggests 

that saponins possess hypocholesterolemic, immunosti-mulatory, and 

anticarcinogenic properties. In addition, they reduce the risk of heart 

diseases in humans consuming a diet rich in food legumes containing  
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saponins. Saponin-rich foods are important in human diets to control 

plasma cholesterol, preventing peptic ulcer, and osteoporosis and to 

reduce the risk of heart disease (Habtamu and Negussie, 2014). 

Thus all studied kernels can be considered as beneficial for health as 

referring to its trace content of tannins and saponnins.Iodine values 

of the extracted kernels oils varied from 105.19-106.5 mg KOH/g, 

was closely supported by the findings of (Gandhi et al., 1997) who 

cited that apricot kernels oil had iodine value of 99. In contradiction to 

(Gandhi et al., 1997) who found that free fatty acids (FFA) scored 

4.2%, the obtained data showed that free fatty acid of raw apricot 

kernel oil valued 2.66%. Lower values of FFA indicated the more 

acceptable oil to the human palate (Codex, 1993).The extracted oils 

had peroxide values of 23.17, 5.79, 1.67 and 2.34 Meq o2 /Kg oil, 

respectively. Values less than 30 meq/kg indicated the best quality of 

apricot kernel oils. This was strongly related to (Codex, 1993) that 

peroxides values between 30 and 40 meq/kg detected rancidity in 

fats and oils.The extracted oils contained unsaturated fatty acids in 

the range of 93.96, 94.25, 92.93 and 94.58% for RAK, RK, SK and 

RSK, respectively. Saturated fatty acids consisted 5.93, 5.66, 6.35 

and 5.53% of the oils, respectively. This fact represented a key step 

for considering apricot kernels oils as value added products 

possessing health effects in decreasing bad cholesterol levels due to 

its high contents of UFA.Our results are in accordance with Gandhi 

et al. (1997) who reported that apricot kernel oil had 94% 

unsaturated fatty acids, rich in oleic and linoleic acids. (FAO/WHO, 

2009) claims that replacing dietary saturated fatty acids (SF) with 

polyunsaturated fatty acids (PUFA) decreases the risk of 

cardiovascular diseases.Vaccinic acid, an isomer of oleic acid, is the 

principal ruminant trans fatty acid. Consumption of this 

natural trans fatty acid may impact favorable health effects (Field, 
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2009).GC-MS analysis of RAK oil showed the existence of cinnamic 

acid which is an organic acid naturally occurring in plants, well known 

antioxidant and health promoter due to its strong free radical 

scavenging properties (Soya, 2012). Phoroglucinol is a phenol 

derivative with antispasmodic, anti-inflammatory, antioxi-dant and 

antitumor activities (Noel and Se-Kwon, 2011). Citronellyl tiglate is a 

flavor and fragrance agent. Chalcone exhibited wide range of 

biological activities such as antidiabetic, antineoplastic, 

cardioprotective (Mahapatra and Bharti, 2016), hypolipidemic and 

antihypertensive. Bisabolol is natural sesquiterpene possessing 

antiinflammatory and antimicrobial properties (Kamatou and 

Vilijoen, 2010). Vanillic acid is a major catecholamine metabolite 

exhibiting moderate antioxidant activity as reported by Alberti et al. 

(2009).The most predominant compound in RK, SK and RSK oils 

was vitamin B6 exerting a crucial role in antioxidant mechanisms. 

Peter et al. (2016) studied the thermodynamic of vitamin B6 

antioxidant potential and reported that it may show weaker 

antioxidant effect than naturally occurring phenolic compounds. All 

meal samples were free from okratoxins. Aflatoxin was found in 

traces in SK and RSK, while, RAK and RK were free. Our results 

were in contradiction to the European maximum levels of aflatoxin B1 

(AFB1) and total aflatoxins (AFs) in apricot kernels intended for 

further processing (12 g/kg for AFB1 and 15 g/kg for total AFs) and 

ready-to-eat (8 g/kg for AFB1 and 10 g/kg for total AFs) have been 

aligned to those of Codex Alimentarius after a positive opinion of the 

European Food Safety Authority (Codex, 2015). The obtained data 

indicated that roasting as a thermal  processing led to in vivo 

diminution of biological value (BV) of raw apricot kernels meal (RAK) 

from 79.34 to 49.14% for roasted kernels meal (RK). Consequently, 

the BV of soaked kernels meal (SK) declined from 72.94% to 64.66% 
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for roasted soaked kernels meal (RSK) as showed in (Table 11). In 

the same manner, true digestibility (TD) and net protein utilization 

(NPU) were reduced with thermal processing and these changes in 

protein quality parameters (BV, TD and NPU) were due to Maillard 

reaction which may play an important role in enhancing the allergenic 

properties of and the protein modifications, these results are in 

convenient with Henryk  et al. ( 2009) and disagree with Abdus et 

al. (1989) who reported that roasting caused a slight increasing trend 

in the protein quality. In vivo protein quality of RAK, SK. RK or RSK 

meals were lower than standard casein as shown in Table (11).  

As a result, dried apricot kernels meals and the corresponding 

extracted oils possessed antioxidant capacity due to their phenolic, 

flavonoids and vitamins contents. Moreover, the kernels were 

relatively high in  minerals, fibers, fat, carbohydrates and protein 

contents. 
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Table (1): Proximate analysis of raw and treated apricot kernels 

meals 

Samples 
Protein 

(%) 

Fat 

(%) 

Fiber 

(%) 

Ash 

(%) 

Moisture 

(%) 

Carbohydrate 

(%) 

RAK 31.45 31.07 11.40 3.08 5.7 17.30 

RK 37.15 17.25 15.60 3.60 4.5 21.90 

SK 27.10 35.05 17.51 1.40 5.0 13.94 

RSK 26.70 38.91 19.04 1.32 4.3 09.73 

Results were expressed as average of duplicate determinations. 

 

Table (2): Mineral content of raw and treated apricot kernels meals 

Samples P  (ppm) Fe (ppm) Zn (ppm) Cu (ppm) 

RAK 6109 56.51 44.45 13.97 

RK 6963 48.55 54.30 15.51 

SK 2645 60.15 39.50 10.99 

RSK 2327 55.44 33.49 09.46 

Results were expressed as average of duplicate determinations 
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Table (3): Amino Acids profile of treated apricot kernels meals 

 

A (%) 

 

RAK RK SK RSK 

Asparagine 3.37 3.39 2.44 1.91 

Therionine 0.71 0.83 0.76 0.63 

Serine 0.89 1.07 1.06 0.88 

Glutamic 6.51 6.66 6.08 5.77 

Glycine 1.51 1.79 1.52 1.36 

Alanine 1.40 1.68 1.22 1.12 

Valine 1.39 1.49 1.19 1.33 

Isoleucine 1.02 1.18 1.06 0.93 

Leucine 1.88 2.20 1.70 1.45 

Tyrosine 1.06 1.12 1.02 0.79 

Phenylalanine 1.61 1.77 1.45 0.24 

Histidine 0.74 0.81 0.88 0.73 

Lysine 0.90 0.63 1.10 0.82 

Arginine 2.80 2.76 2.49 2.15 

Proline 1.07 1.22 1.18 0.95 

Cystine 0.96 0.70 0.72 0.53 

Methionine 0.44 0.38 0.44 0.33 

 

Table (4): Phytochemical analysis of treated apricot kernels meals 

Test RAK RK SK RSK 

Total antioxidant capacity 

(mg AAE/100g) 
1127 2301 190 311.3 

Total phenols (mg 

GAE/100g) 
13.68 26.48 17.06 18.64 

Total flavonoid (mg 

QE/100g) 
6.12 10.52 5.67 8.14 

Tannins (%) 0.86 1.38 0.57 0.66 

Saponins (%) 0.46 0.68 2.61 2.02 

Alkaloids (%) 8.03 4.13 3.61 4.71 

Glycosides Positive Positive Positive Positive 
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Table (5): Characteristics of extracted oils from treated kernels 

Samples 
Peroxide value 

(meq O2/Kg) 

Free fatty acids 

(%) 

Iodine value (mg 

KOH/g) 

RAK 23.17 2.66 106.13 

RK 05.79 0.12 106.50 

SK 01.67 7.30 106.43 

RSK 02.34 6.58 105.19 

 

Table (6): Fatty acids profile of extracted oils from treated apricot 

kernels 

Fatty acids (%) Classification RAK RK SK RSK 

Capric acid C10:0      SFA 0.17 ----- ---- ---- 

Palmitic acid C16:0       SFA 4.85 4.75 05.17 4.54 

Palmitioleic acid C16:1 ω7  MUFA 0.73 0.69 00.17 0.67 

Stearic acid C18:0         SFA 0.91 0.91 01.18 0.99 

Oleic acid C18:1ω9     MUFA 60.82 60.54 60.54 61.49 

Vaccinic acid C18:1ω7      UFA 6.27 6.82 06.00 6.15 

Linoleic acid C18:2 ω6      PUFA 25.94 26.06 26.07 26.13 

Linolenic acid C18:3 ω3      PUFA 0.20 0.14 00.15 0.14 

Non identified fatty acids  0.11 0.09 00.18 ---- 

MUFA = monounsaturated fatty acids 

UFA = unsaturated fatty acids 

PUFA = polyunsaturated fatty acids 

SFA = saturated fatty acids 
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Table (7): Chemical analysis of the extracted oil 

Tested parameters RAK RK SK RSK 

Total antioxidant capacity  (mg 

AAE/100g) 

809.95 816.37 554.27 1613.3 

Total phenols (mg GAE/100g) 592.75 608.95 668.7 601.8 

Total Flavonoids (mg QE/100g) 58.75 16.15 53.2 24.05 

Tannins (%) ND ND ND ND 

Saponins (%) ND ND ND ND 

Alkaloids (%) ND ND ND ND 

Glycosides ND ND ND ND 
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Table (8): GC-MS analysis of kernels meals 

RT  

(min) 
Compounds 

Area sum% 

RAK RK SK RSK 

3.511 Kyselina glyoxylova -- -- -- 0.63 

3.608 L-Galactose, 6-deoxy- -- -- -- 0.55 

4.569 Galactitol 1.2 0.35 0.73 0.83 

4.665 
Benzoic acid, 3,5-dimethyl-, 

methyl ester 
-- -- -- 2.71 

4.883 Benzaldehyde, 4-ethyl- 0.61 0.35 0.84 -- 

4.9 
Benzaldehyde, 4-methoxy-2,3-

dimethyl- 
0.67 -- -- -- 

6.225 Benzoic acid, p-tert-butyl- -- 0.35 -- -- 

6.233 
1,2-Benzenediol, 3,5-di(1,1-

dimethylethyl)- 
-- -- 0.77 0.62 

7.161 
Benzeneacetaldehyde, α-

(phenylmethylene)- 
-- 0.39 -- -- 

7.166 
2-(4-Methyl-3-cyclohexenyl)-2-

propanol 
-- -- -- 0.76 

7.169 
Benzaldehyde, 

(phenylmethylene)hydrazone 
0.87 -- -- -- 

7.525 2-Hexanol -- 0.41 -- -- 

7.885 o-Cymene 0.78 0.41 -- -- 

7.994 D-Limonene -- 0.42 8.09 7.3 

8 Eucalyptol 0.63 -- -- -- 

8.307 Linalol -- -- -- 0.56 

8.746 1,4-Cineol -- -- -- 0.62 

9.273 L-(-)-Menthol -- -- -- 0.67 

9.5 L-α-Terpineol -- -- -- 0.65 

9.55 

CYCLOHEXANOL, 5-

METHYL-2-(1-

METHYLETHYL)-, (1α,2β,5β)- 

-- -- 0.72 -- 

9.58 Levomenthol -- 0.45 -- -- 

10.147 Anethole -- -- -- 0.99 
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10.58 Thymol 0.56 0.46 0.71 1.01 

10.657 2-Isopropylbenzoic acid -- -- -- 1.71 

10.678 Carvacrol -- 0.48 1.65 1.45 

10.732 4-Ethylbenzoic acid 1.58 -- -- -- 

10.937 Anethole -- -- 0.82 -- 

11.159 d-Glycero-l-gluco-heptose -- -- -- 1.65 

11.24 Eugenol 0.58 0.59 0.89 -- 

11.63 Cinnamaldehyde, (E -- 0.7 -- -- 

11.66 O-EUGENOL    0.8 

11.92 
Benzoic acid, 2,3-dimethyl-, 

methyl ester 
-- 0.71 0.71 0.73 

12.44 Butylated Hydroxytoluene -- 0.78 0.64 1.59 

12.5 D-Amygdalin 2.47 0.83 -- -- 

13.245 d-Glycero-d-galacto-heptose -- 0.86 -- -- 

13.28 Undecanoic acid 3.2 -- -- -- 

15.214 Arachidic acid 1.29 -- -- -- 

15.252 Palmitic acid, methyl ester -- -- 0.8 1.44 

15.315 
Oleic acid, 3-

(octadecyloxy)propyl ester 
-- 0.9 -- -- 

15.4 Margarinic acid 1.15 -- -- -- 

15.461 Lucenin 2 -- 0.98 -- -- 

15.5 Oleic Acid 0.63 1 0.79 0.71 

15.55 Oleine 7503 -- -- 0.66 1.38 

15.662 Palmitic acid -- -- 8 -- 

15.679 n-Hexadecanoic acid 6.83 -- -- 8.26 

15.821 Isopropyl palmitate -- -- -- 2.2 

15.825 Ethyl palmitate -- -- 0.88 -- 

15.883 
9-Octadecenoic acid (Z)-, 

ethyl ester 
-- 1.21 -- -- 

16.205 
9,12-Octadecadienoic acid 

(Z,Z)-, methyl ester 
1.51 -- -- -- 

16.280 Ethyl Oleate 5.03 -- -- 3.06 

16.519 Linoleic acid ethyl ester 3.08 1.38 2.89 1.17 
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16.565 
Oleic acid, 2-hydroxyethyl 

ester 
6.29 1.48 6.86 -- 

16.6 Undecanoic acid 3.76 -- -- -- 

16.728 

Malonodinitrile, 2-[3-(2-

hydroxyphenyl)-2-

iminomethyl-1-methyl-2-

propenylideno]- 

-- -- -- 0.98 

16.799 Linoleic acid -- 1.66 -- -- 

16.854 Palmityl oleate -- 2.26 -- -- 

16.962 9-Octadecenoic acid, (E)- 56.95 -- -- -- 

17.013 β-Monolinolein -- 3.8 -- -- 

17.071 Cetiol -- 4.78 -- -- 

17.084 
L-Ascorbic acid, 6-

octadecanoate 
-- -- -- 52.1 

17.159 Vitamin C monostearate -- -- 0.66 -- 

17.222 2-Hexadecanol -- -- -- 1.06 

17.289 Oleic acid, eicosyl ester -- 6.35 -- -- 

20.007 Prednisone -- 10.94 -- -- 

21.282 Diisooctyl phthalate -- 14.81 -- -- 

21.817 
Benzyl (6Z,9Z,12Z)-6,9,12-

octadecatrienoate 
-- 31.59 -- -- 

23.787 Benzyl oleate -- 7.42 1.26 0.59 
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Table (9): GC-MS analysis of extracted oils 

RT  

(min) 
Compounds 

Area sum% 

RAK RK SK RSK 

3.169 2,5-Dihydroxyacetophenone 0.86 -- 0.31 0.3 

3.286 α-Pinene epoxide -- 1.88 -- -- 

3.444 
5-Hydroxy-7-methoxy-2-methyl-

3-phenyl-4-chromenone 
0.63 -- -- 0.23 

3.582 carveol 1 -- -- -- 0.24 

3.783 Phytol 0.77 -- 0.71 0.22 

4.055 Codeine 1.03 3.91 -- -- 

4.481 3',6-Dimethoxyaurone 0.69 -- -- -- 

4.67 
2-[4-(Dimethylamino)phenyl]-3-

hydroxy-4H-chromen-4-one 
0.79 1.89 -- -- 

4.841 Hydroquinone 0.54 -- -- -- 

4.912 Geranyl isovalerate 0.44 -- -- 0.29 

5.159 
4-(Anisylideneamino)-cinnamic 

acid 
1.8 1.78 0.37 0.56 

6.71 
1-Deoxy-1-(methylamino)-D-

galactitol 
-- 1.76 -- -- 

7.684 Papaveroline 0.72 1.76 0.3 0.48 

7.697 Benzoic acid, 2,6-dihydroxy 0.63 -- -- -- 

7.8 β-Resorcylic acid 0.63 -- -- -- 

7.876 .Gentisic acid 0.92 -- -- -- 

7.973 
3,4-Dihydroxymandelic acid, 

ethyl ester 
0.92 -- -- -- 

8.056 Salicylic acid 0.75 -- -- -- 

8.14 p-Hydroxybenzoic acid 0.74 2.55 -- -- 

9.147 Hexa-hydro-farnesol 1.55 -- -- -- 

9.452 4',7-Dimethoxyisoflavone -- -- 0.39 0.27 

10.034 Ferulic acid 1.96 -- -- 0.42 

10.352 2-Hydroxypyridine 2.17 1.86 -- 0.26 

10.912 
3-Hydroxy-4-methoxycinnamic 

acid 
12.76 0.68 -- -- 

10.954 Phloroglucinol 7.54 -- -- -- 

11.442 Citronellyl tiglate 2.24 -- -- 0.44 
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11.74 
Flavone, 3,3',4',5,5',7-

hexamethoxy- 
1.84 1.21 -- -- 

11.97 Syringic acid 2.53 -- -- -- 

12.362 Farnesol 0.94 -- -- 0.35 

12.543 Propyl gallate 10.3 -- -- -- 

12.785 Gallic acid 0.55 1.02 -- -- 

12.936 α-Bisabolol 6.33 -- -- -- 

13.75 Isolongifolol -- -- -- 0.33 

13.864 Homovanillic acid 7.12 1.93 -- 0.24 

14.394 24,25-Dihydroxyvitamin D3 -- 1.25 -- 0.24 

14.659 Cubedol 1.77 -- -- 0.45 

14.993 
4-Methylthio-4'-(4-

nitrocinnamoyl)chalcone 
4.64 -- 0.35 0.58 

15.13 Camphor -- 5.92 -- -- 

15.247 Palmitoleic acid -- -- 0.33 0.46 

15.397 Resveratrol -- -- 0.81 2.01 

15.526 9-Octadecenoic acid -- 6.78 1.14 2.95 

15.694 Cyanidin cation 1.74 -- -- -- 

16.022 Vitamin B6 3.73 6.71 19.69 16.85 

16.514 Shyobunone -- -- 1.58 6.61 

16.555 
5β,7βH,10α-Eudesm-11-en-1α-

ol 
7.59 7.59 2.87 11.54 

16.752 Daidzin -- -- -- 0.71 

16.858 
1,8-Diazabicyclo [5.4.0]undec-7-

ene 
9.16 4.13 8.64 22.24 

17.055 Dihydrouracil 1.37 3.65 -- -- 

17.155 Thebaine 2.18 -- 0.38 7.78 

17.287 
5β,7βH,10α-Eudesm-11-en-1α-

ol 
0.93 -- 21.39 -- 

17.604 7,8-Dihydro-α-ionone 0.69 -- 27 13.83 

17.757 Zearalenone 0.81 -- -- 1.05 

18.422 Ascorbic acid 6-palmitate 0.15 -- 7.08 -- 

18.593 Thymolphthalein 0.76 2.62 0.93 -- 

18.809 Ledol 0.16 2.37 1.19 0.48 

18.885 9-Octadecenoic acid (Z)-,    18.88 
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methyl ester 

19.299 Sinapic acid -- 2.54 -- -- 

19.626 Elaidic acid 0.16 -- 1.06 0.75 

19.738 
4-Hydroxy-3-methoxybenzyl 

alcohol 
-- 1.84 -- -- 

20.135 
Phenol, 3-(3-ethylhexahydro-1-

methyl-1H-azepin-3-yl)- 
-- 3.14 -- -- 

20.538 
Chromone, 5-hydroxy-6,7,8-

trimethoxy-2,3-dimethyl- 
0.15 -- -- 0.29 

21.073 dl-Phenylephrine 0.42 -- -- -- 

21.289 2-Hexadecanol 0.53 -- 0.52 0.23 

21.31 Dimethyl caffeic acid -- 4.33 -- -- 

21.752 β Carotene -- 3.43 0.33 0.38 

22.468 Phenol, 4-tert-butyl -- 2.93 -- -- 

22.606 Linoleic acid ethyl ester -- -- 0.48 0.32 

22.673 Benzene, (3-methyl-2-butenyl)- -- -- -- 0.59 

22.815 Methyl arachidonate -- -- -- 0.54 

22.87 Apigenin 8-C-glucoside -- -- -- 0.69 

23.501 β-Sitosterol -- -- -- 0.51 

23.717 Probucol -- -- 0.28 0.66 

22.798 Thymol -- 3.62 -- -- 

23.041 Ginsenol -- 3.82 -- -- 

23.501 β-Sitosterol -- 4.09 -- -- 

23.802 Carotol -- 2.9 1.35 1.82 

24.261 3,5-di-t-Butylcatechol -- 1.29 0.5 -- 
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Table (10): Mycotoxin detection in apricot kernels meals  

MYCOTOXIN  RAK RK SK RSK 

Aflatoxin ND ND (B1 = 4) traces (B1 = 4) traces 

Okratoxin ND ND ND ND 

ND under detection limits and considered free 

 

Table (11): In vivo evaluation of protein quality of apricot kernels 

meals 

Biological 

parameters 
RAK RK SK RSK 

Casein  

standard 

Biological value 

(%) 
79.34 49.14 72.94 64.66 85.5 

True digestibility 

(%) 
94.0 77.14 93.65 85.33 96.78 

Net protein 

utilization 
74.58 37.91 68.31 55.17 82.74 
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Fig. 1. FRAP of raw and treated apricot kernels meals 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. FRAP of extracted apricot kernels oils 
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تقييم جودة البروتين بيولوجيا وتقييم الخصائص الكيمائية النباتية ودراسة 

 تأثيرات عمليات النقع والتحميص على جنين بذرة المشمش الخام

 

 د.شريف بدر، د. ايمان سمير رميس، د.علا وهدان، د. دينا صقر،

 د. حنان الغندور

 
مصر –جيزة  -عية مركز البحوث الزرا -المركز الاقليمى للاغذية و الاعلاف   

 

الهدد ف مدده اددذا ال راتددة اددو  ايدديت جددو ة البددرو يه لجشددة بددذور  مدد ر الم ددم  ال دد ت 

(prunus armeniaca)  ورص   أ ير عملي ت الشاع وال حميص وذلك مه  لال إجراء  جربدة

 بيولوجيددة ب تدد   ات ذكددور الجددرذاه البيتدد ءي ك شددت الايمددة الحيويددة لجشددة بددذور الم ددم  ال دد ت 

(RAK)( والجشة المحمصةRKوالجشة المشاوعة ) (SK)  والجشدة المشاوعدة المحمصدة(RSK) 

كدد ه ش دد له الهتددت الحاياددى و علددى ال ددوالىي 64.66%و  72.94،   49.14،  79.34ك ل دد لى   

% علدددى ال دددوالىي   راوحدددت شتدددبة صددد  ى الاتددد    ة مددده 85.33و  93.65،  77.14، 94.0

علددى ال ددوالىي و كددذلك  ددت إجددراء  ادد ير للمددوا   55ي11و  68.31،  37.91، 74.58البددرو يه 

الشب  ية ال ع لة وال ركيب الكيمي لي ومح وى العش صر والحم ض الميشيدةي وش د رت الش د له إلدى شه 

وإر  دد ن شتددبة  ٪ علددى ال ددوالي5,,1و  15,5و  55,51و  55,11شتددبة البددرو يه ال دد ت ك شددت 

 ٪ علددى ال ددواليي و دد رجت شتددبة59,85و  51,11و  55,11و 55,15الدد اوه وك شددت قيمهدد  

 15,8و 55,5٪  علدى ال دواليي والتدكري ت 58,11و  55,15و  ,,51و  55,1اللي ف  ك شت 

وشظهددرت شجشددة بددذور الم ددم  ال دد ت والمحمصددة شعلددى قيمددة   .٪ علددى ال ددوالي8,55و 55,81و

( والجشدة 1,11شدة المشاوعدة )جزء  ي المليوه على ال والى ويليهد  الج 8,5,و 518,لل ت ور 

-19,11(ي وتددجلت العيشدد ت التدد با ذكرادد  إر  دد ن مح ددوى الح يدد  )1515المشاوعددة المحمصددة )

 ( جدددددددددزء  دددددددددي المليدددددددددوهي 51,9-,8,1( والشحددددددددد   )11,51-55,18( والزشدددددددددك )1,51,

  19,,و  ,,,,و  15,,وشوتحت الش  له شه الجلو  ميك او شك ر الحم ض الميشيدة و درة بشتدبة 

، يليهد  الجشدة 1515بلغ إجم لي الا رة المت  ة للأكت ة الجشة المحمصدة  ٪ على ال واليي1,55و

ملده مكد     555,5(، وش يرا الجشة المشاوعة المحمصدة 581( والجشة المشاوعة )5515ال  ت )

لدة  جدتي511حمض شتكوربيك/ زا ت   (FRAP)للح يد يك كمد  شه الادوة المتد  ة للأكتد ة الم  ز 

 لي ت الشاع وال حميص مم  ي ل على الا رة الإ  زالية الع لية للأشوان الم  ل ة مه الجشةيبعم
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ملده مكد    حمدض  1,,59و ,55,1و  19,,1و  9,,55إجم لي ال يشولات كد ه علدى ال دوالى  

ملددددده مكددددد     9,51و  5,,1، 51,11، 51,,جدددددت، ومح دددددوى ال لا وشويددددد  511الج ليدددددك/

ال ا ير الشوعي للجليكوتي ات شوتد  وجو اد   دي الجشدة ال د ت  .واليجت على ال 511الكوارت يه/

والمع لجددةي  وب لشتددبة لل دد شيه  واددو شحدد  متدد  ات ال لذيددة  كدد ه شقددل شتددبة  ددي الجشددة المشاوعددة 

وجو  مركب الاميج اليه بشتبة  RKوRAK ٪(ي اظهر  حليل كروم  وجرا ي  الل ز لعيش ت 1,15)

 مه وجو  اذا المركبي RSK و   SKبيشم   لت عيش ت  % على ال والىي95ي1و  15ي1

 

كم   ت إت  لاص الزيت ب لمذيب ت العتدوية مده ششدوان الجشدة التد باة وشوتدحت ش د له 

ملددى مكدد     1,51و 5,,5و 1,58و  15,55 ح ليلددأ شه قيمددة البيروكتددي  ك شددت  علددى ال ددوالي 

% علددى ال ددوالى، 19,,و 5,5و 1,51و ,,,1الكتددجيه/كجت، وقيمددة الحمدد ض ال اشيددة الحددرة 

ملجددت اي روكتددي  البو  تددوت /جددت  511,58و  15,,51و 1,,51و  55,,51وقيمددة اليددو يه 

 1,11,و 1,91,علددى ال ددوالي  علددى ال ددوالي، وكدد ه حمددض الوليددك اددو الك ددر و ددرة وشتددب أ

 15,,1و ,1,,1و 11,81% ويليددأ   ددي الددو رة حمددض الليشوليددك وشتددب أ 5,18,و 1,11,و

للزيدوت المت  لصدة  GC-MS كم  اك   حليدل الك لدة الكرومد  وجرا ى % على ال واليي55,,1و

 .الم  ل ة على وجو  الع ي  مه المركب ت ذات الش  ط الحيوى المر بط ب ركيبه 

 

مه الش  له الت باة ي ت  إه شجشة بذور الم دم  ال د ت والمع مدل يم دل مصد ر للبدرو يه 

مصد ر طبيعدى لمتد  ات اللأكتد ة اللشدي ب لح يد  والزشدك وال تد ور وال اوه واللي في كمد  يم دل 

والشح  ي ولدذلك يمكده إتد   ات شجشدة بدذور الم دم  كمصد ر غشدى  دى  صدشيع الك يدر مده المدوا  

 ياللذالية

 

 

 

 

 

 

 

 

 


