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Abstract. The aim of our work was to evaluate the capability of NMR-relaxation method 

of the determination of oil content in walnut kernels and soybean seeds. NMR-relaxation spin-echoes 

for protons of the studied seeds were studied on a modernized NMR-relaxometer, using a sequence 

of 90°- and 180°- high-frequency pulses, with an interval 3.5 ms.   As standards in NMR calibration 

for walnut kernels and for soybean seeds were used different oils. The oil content of commercial 

walnut kernels SRL “Monicol” is 69±1%, which corresponds to the typical range for the crop, 64-

72%.   

After harvest 2021 the minimal oil content was in the seeds of soybean variety Pentata 

(14,6±0,2% for the seeds with dry weight 100-150 mg and 14,9±0,4% for the seeds with dry weight 

200-250 mg) and the maximal oil content was in seeds of soybean variety Ladutsa (19,3±0,3% for 

the seeds with dry weight 100-150 mg and 19,7±0,5% for the seeds with dry weight 150-200 mg). 
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INTRODUCTION 

 

Seed oil content is important in the study of the seed biodiversity. Cultivated 

soybean seeds have an oil content of approximately 18–22%, whereas wild soybean 

seeds contain about 8–10% oil [1]. Fat is the main component of the nut kernel and 

generally accounts for 64%-72% [2]. As a biochemical utilization of a physical 

method, nuclear magnetic resonance and its improvements allow for numerous 

rapid determinations of seed oil content within a short period of time and greatly 

improve the throughput of analysis [3- 5]. Spin echo method is one of the elegant and 
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most useful features in pulsed nuclear magnetic resonance (NMR). Determination of 

oil content in seeds by NMR relaxation method is a clear, nondestructive, fast and 

accurate alternative to traditional liquid chemistry methods. The oil content 

determined by NMR relaxation method strictly corresponds to the amount of oil 

extracted from the walnut kernels by organic solvents [6]: oil was extracted with 

Petroleum Ether using a Soxhlet apparatus, dehusked seeds also were analyzed for 

oil content by NMR method. Comparison between NMR and Soxhlet method 

certified that for low oil content walnut seeds the data of NMR method were 62.58 

± 0.03% compared to 64.35 ± 0.28% for Soxhlet method; for medium oil content 

walnut seeds the data of NMR method were 67.99 ± 0.11% compared to 68.09 ± 0.66% 

for Soxhlet method; for high oil content walnut seeds the data of NMR method were 

72.60 ± 0.01% compared to 73.17 ± 0.22% for Soxhlet method.  

The aim of our work was to evaluate the capability of NMR-relaxation 

method of the determination of oil content in walnut kernels and soybean seeds.  

 

MATERIALS AND METHODS 

 

NMR-relaxation spin-echoes for protons of the studied seeds were studied 

on a modernized NMR-relaxometer [7], using a sequence of 90°- and 180°- high-

frequency pulses [8], with an interval 3.5 ms.   As standards in NMR calibration for 

walnut kernels and for soybean seeds were used different oils. For walnut kernels 

was used Pure Walnut Carrier Oil manufactured by RV Essential (Republic of 

India): Juglans Regia (100% Pure and Natural Cold Pressed). For soybean 

calibration was used soybean oil, obtained from soybean seeds variety Bucuria (the 

oil from the seeds was obtained from soybean meal after two extractions by 

toluene). Walnut kernels were obtained from walnut orchard of SRL "Monicol". 

Soybean seeds of different maturity groups (MG) were used: Ladutsa (MG II) and 

Pentata (MG III). 

 

RESULTS AND DISCUSSIONS 

 

Fig. 1 shows the samples and ampoule for determination of oil content in 

seeds by NMR relaxation method. The determination of oil content by NMR-

relaxation requires significantly less material compared to biochemical extraction 

methods: while biochemical extraction uses 10 g of seeds [6], samples for 

measurement by NMR-relaxation, as a rule, do not exceed 0.2 g (and the sensitivity 

of the device, not less than 1 mg of oil, allows the use of small samples, weighing 

from 10 mg). For soybean the NMR measurements were performed on individual 

seeds. The oil content of seeds was determined by comparing echo-signals from 

seeds with echo-signal of calibration standards.  
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Figure 1. General view of the samples and ampoule for determination of oil 

content in seeds by NMR relaxation method 
(208 mg soybean seed and 182 mg sample from native walnut kernel) 

 

 
Figure 2. NMR spin echo signals recorded according to [8], at a time distance of 

3.5 ms between 90°- and 180°-pulses for seed samples from different crops (208 

mg soybean seed and 182 mg sample from native walnut kernel) 
 

Figure 2 shows the differences of spin echo signals from seeds of different 

crops in intensity and shape: the echo signal from walnut kernel protons is 

significantly more intense and narrower. The echo signal from the protons of pure 

walnut oil used to construct the calibration curve is also characterized by a narrow 

shape, similar to the NMR spin echo signal from samples from native walnut 

kernels. 

To avoid the influence of differences in the quality of the oils studied (for 

different crops or one crop of different origin), it is recommended to adjust the 

nuclear magnetic resonance relaxometer on a pure chemical standard (glycerol). 
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Figure 3. NMR spin-echo from standard of glycerol. 

 

According to the NMR relaxation method, the oil content of commercial 

walnut kernels SRL “Monicol” is 69±1%, which corresponds to the typical range 

for the crop, 64-72%. 

Oil content data for individual soybean seeds of Ladutsa and Pentata 

varieties (2021 harvest) are presented in Figure 4. 

 

 
Figure 4. The oil content in soybean seeds of Pentata and Ladutsa varieties 

(harvest 2021) 
Each dot corresponds to a separate individual seed 

 

Table 1 shows the data on oil content determination by NMR relaxation 

method for different soybean varieties according the seed weight. 

At harvest 2021 the minimal oil content in seeds was determined for 

soybean variety Pentata  – 14,6-15,0% dry weight (14,6±0,2% for the seeds with 

dry weight 100-150 mg and 14,9±0,4% for the seeds with dry weight 200-250 mg).  

Table 1. Oil content in seeds of different weight for soybean varieties Pentata and 
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Ladutsa (harvest 2021) 

Variety 
Individual seed weight, mg 

Oil content, 

% dry weight 

range average  

Pentata 

100-150 128±4 14,6±0,2 

150-200 177±2 14,8±0,2 

200-250 214±5 14,9±0,4 

250-300 269±16 15,0±0,3 

Ladutsa 
100-150 123±4 19,3±0,3 

150-200 157±2 19,7±0,5 

 

The maximal oil content in seeds was determined for soybean variety 

Ladutsa – 19,3-19,7% dry weight (19,3±0,3% for the seeds with dry weight 100-

150 mg and 19,7±0,5% for the seeds with dry weight 150-200 mg).  

 

CONCLUSIONS 
 

The echo signal from walnut kernel protons is significantly more intense 

and narrower comparing to soybean seeds. The echo signal from the protons of pure 

walnut oil used to construct the calibration curve is also characterized by a narrow 

shape, similar to the NMR spin echo signal from samples from native walnut 

kernels.  The oil content of commercial walnut kernels SRL “Monicol” is 69±1%, 

which corresponds to the typical range for the crop, 64-72%. 

At harvest 2021 the minimal oil content in soybean seeds was determined 

for variety Pentata  – 14,6-15,0% dry weight (14,6±0,2% for the seeds with dry 

weight 100-150 mg and 14,9±0,4% for the seeds with dry weight 200-250 mg). The 

maximal oil content in seeds was determined for soybean variety Ladutsa – 19,3-

19,7% dry weight (19,3±0,3% for the seeds with dry weight 100-150 mg and 

19,7±0,5% for the seeds with dry weight 150-200 mg).  

To avoid the influence of differences in the quality of the oils studied (for 

different crops or one crop of different origin), it is recommended to adjust the 

nuclear magnetic resonance relaxometer on a pure chemical standard (glycerol). 
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