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Abstract 

To gain knowledge of the fat characteristics of walnut varieties in different production areas of Shanxi Province, 
kernel oil content and its fatty acid composition of 6 walnut varieties were analyzed by using soxhlet extraction 
method and gas chromatography. The experiment sites were Yicheng and Tunliu. Yicheng has 800 m of altitude 
and 11 ºC of annual mean temperature while Tunliu has 1100 m of altitude and 9.3 ºC of annual mean 
temperature. The results indicated between Yicheng and Tunliu County, the most variety’s oil content was 
increased with increasing of altitude, but had no significant difference (64.9% > 64.3%, P > 0.05). Both the 
content of oleic acid and linoleic acid showed a significant difference between Tunliu and Yicheng, and there is a 
negative relationship between the contents of oleic and linoleic acid. Annual mean temperature has an obvious 
influence on α-linolenic acid (ALA) content of walnut. The content of ALA from Yicheng with higher annual 
mean temperature is higher than that from Tunliu with lower annual mean temperature. The nutrition analysis 
showed that Tunliu’ walnut kernel has a lower saturated fatty acids (SFA) (7.6% < 8.2%, P < 0.05) and a higher 
unsaturated fatty acids (UFA) (92.5% > 91.8%, P < 0.05) compared to Yicheng, respectively, but the 
polyunsaturated fatty acids (PUFA) content of Yicheng was higher than that of Tunliu (76.3% > 68.5%, P < 0.05), 
and its ratio of N-6/N-3 was also better compared to Tunliu (5.4:1 < 5.9:1). These results showed that with the 
different altitude and annual mean temperature, the walnut nutrition of fat is also different. Higher altitude and 
lower annual mean temperature can help to produce oleic-rich walnut while lower altitude and higher annual 
mean temperature is helpful for the higher content of ALA in walnut kernel. 

Keywords: production area, walnut, fatty acid, nutrition 

1. Introduction 

Walnut kernel contains around 60-70% of oil, and can be praised as “the oil store on the tree” (Li et al., 2009). 
Walnut is a rich source of energy for life. People prefer plant oils to animal fat due to concerning about animal 
cholesterol (Pyorala, 1987). Plant oils don’t contain any animal cholesterol; but it contains a large amount of 
unsaturated fatty acids (UFA) that benefit human health. The UFA content of walnut oil is more than 90%. 

To obtain the perfect nutrition characteristics of fatty acid composition of walnut, a lot of investigations have 
been done about variety (Wang et al., 2004; Chen et al., 2007; Wu et al., 2007). However, the results are not 
quite consistent even the same cultivars. It is reported that the external site conditions including altitude, air 
temperature, average annual relative humidity, longitude, may affect the single fruit kernel weight, accumulation 
of saturated fatty acid (SFA), monounsaturated fatty acid (MUFA) and polyunsaturated fatty acid (PUFA) during 
the plant growing season (Zhang et al., 2011; Li Guo et al., 2007; Xu et al., 2009). In order to gain knowledge of 
the fat characteristics of walnut in different production areas, the effect of production area on walnut oil quality 
is necessary to be investigated. Shanxi belongs to mountainous region which develops different climate 
conditions. Moreover, its total plant area of walnut is also large (Cheng, 2011), so we selected Shanxi as 
experimental site to determine the effect of producing region of walnut on oil quality. 
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2. Experimental 

2.1 Materials 

Walnut samples were collected at Yicheng County and Tunliu County, in Shanxi province of China during 8-9, 
2012. The condition data of the two sites were shown in Table 1.The cultivars included Liaoning No. 1, Luguang, 
Lipin No. 2, Beijing 861, Zhonglin No. 1 and Zhonglin No. 3.  

 

Table 1. Some climate and soil characteristic in walnut producing regions 

Producing regions Altitude/m Annual mean temperature/ºC Yearly precipitation

/mm 

Frost-free 

Period/d 

pH value

of soil 

Tunliu 1200 9.3 560 157 8.2 

Yicheng 800 11.0 550 190 7.2 

 

2.2 Analysis of Oil Content 

Oil content of walnut was determined by GB/T5009.6-2003 first method “Soxhlet extraction method”. 
According to the method 3-5 g of walnut kernel powder was weighted, wrapped with filter paper and laid in 
Soxhlet extractor. A 50-60 ml solvent of petroleum ether (60-90 ºC) was added and refluxed for 8h. The oil 
content of walnut kernel was determined gravimetrically after complete evaporation of solvent to the dryness at 
45 ºC using a rotary evaporator. 

2.3 Analysis of Fatty Acids by Gas Chromatography 

20-30mg of walnut oil was weighted and esterified through sodium methoxide. Fatty acid methyl esters were 
analyzed on a Lufen company gas chromatograph GC6500 with flame-ionization detector. The glass column 
packed with 20% DEGS on Chromsorb (4 mm i.d.× 1.1 m length) was employed; N2 was used as a carrier gas; 
the column temperature was 190 ºC and the injector and detector temperatures were 250 ºC. The content of fatty 
acid was obtained by calculating the peak area percentage method. Figure 1 is the typical fatty acid 
chromatography of Liaoning No.1 walnut oil from Tunliu County.  

 

 
 

Figure1. The typical fatty acid chromatography of Liaoning No.1 walnut oil from Tunliu County 

3.848min: Palmitic acid (C16:0), 4.040 min: Stearic acid (C18:0), 7.880 min: Oleic acid (C18:1), 9.887 min: linoleic 
acid (C18:2), 13.077 min: α-linolenic acid (C18:3). 
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3. Results and Discussion 

3.1 Analysis of Oil Content and Fatty Acid Content of Walnut in Different Production Areas 

6 varieties of walnut were selected to inspect the effects of two different production areas (Tunliu and Yicheng) 
on walnut oil content and fatty acid content. Figure 2 showed that the oil content of the same varieties from 
Tunliu was more than that of Yicheng except Zhonglin series (No.1 and No.3), but the average value of Tunliu 
was a little higher than that of Yicheng (64.9% > 64.3%). The factors (Li et al., 2010) influencing oil content 
includes genetic quality, seed maturity, and fruiting number, etc. In our study these factors were controlled to be 
as similar as possible. However, there are still some of differences of climatic conditions such as altitude and 
yearly precipitation. Altitude has a positive effect on walnut single fruit kernel weight and kernel percent (Zhang 
et al., 2011), but it can be considered with water factor as far as the oil content. Altitude of Tunliu is about 
1100m more than 800 m of Yicheng, and the yearly precipitation is also higher than that of Yicheng. During fruit 
development, the moisture of soil was higher in Tunliu of high altitude than that in Yicheng of lower altitude, 
and water help to the nutrition absorption for the synthesis of oil, which was seen in most of variety except for 
Zhonglin No.1 and Zhonglin No.3.  

 

 

Figure 2. The oil content of walnut with increasing of altitude 

 

Frost-free period means plant growth period, but even the frost-free period in Yicheng was approximate to one 
month longer than that in Tunliu, there was not obvious increment in oil content. This indicated that the synthesis 
of oil can be related with altitude and water rather than plant growth time. The pH value of soil can have 
different influences on oil content due to walnut variety. Zhonglin series including Zhonglin No.1 and Zhonglin 
No.3 were suitable in milder alkaline soil of Yicheng, while higher pH value of soil of Tunliu was more suitable 
for the most of varieties. Tree-oil crops preferred calcareous soils (Li et al., 2010) where higher pH value of soil 
was usually seen. However, the content of oil of the most varieties from Tunliu was more than that from Yicheng. 
It was found that the climate played a more important effect on walnut compared to soil (Cao, 1994). From the 
view of climate, the oil content of higher altitude was more than that of lower altitude, but the difference was 
insignificant (P > 0.05).This might be due to the little sample number. 

From Tables 2-3, there was no difference in main composition kinds of fatty acid. But there was significant 
difference in oleic content, the major monounsaturated fatty acid (MUFA) in walnut; the average content from 
Tunliu was more than that from Yicheng as far as MUFA (23.8% > 15.0%, P < 0.05). On the contrary, linoleic 
acid content of Tunliu was less than that of Yicheng, (58.4% < 64.2%, P < 0.05). Higher altitude can produce the 
higher oleic acid content, especially with lower annual mean temperature. 

 

 



www.ccsenet.org/jps Journal of Plant Studies Vol. 3, No. 1; 2014 

31 
 

Table 2. The fatty acid composition of walnut kernel in Yicheng County (%) 

Walnut 

Varieties 

C16:0 C18:0 C18:1 C18:2 C18:3 Other 

acids 

Liaoning No.1 6.1 1.8 20.7 58.4 13.1 0.1 

Luguang 6.7 1.7 16.0 63.2 12.4 0.0 

Lipin No.2 6.7 1.5 15.2 65.8 10.8 0.1 

Beijing861 6.0 2.2 12.4 68.5 10.9 0.1 

Zhonglin No.1 6.6 2.3 14.2 65.7 11.2 0.0 

Zhonglin No.3 6.5 1.2 11.4 63.5 14.4 3.1 

Average 6.4 1.8 15.0 64.2 12.1 0.6 

 

Table 3. The fatty acid composition of walnut kernel in Tunliu County (%) 

Walnut 

Varieties 

C16:0 C18:0 C18:1 C18:2 C18:3 Other 

acids 

Liaoning No.1 6.7 1.9 13.3 66.5 11.5 0.1 

Luguang 6.2 1.3 19.5 60.6 12.0 0.4 

Lipin No.2 5.1 1.8 31.4 54.5 7.2 0.0 

Beijing861 4.6 1.0 22.4 61.7 10.3 0.1 

Zhonglin No.1 6.3 2.2 33.1 48.1 10.5 0.0 

Zhonglin No.3 6.6 1.6 23.3 59.1 9.4 0.0 

Average 5.9 1.6 23.8 58.4 10.2 0.3 

 

An extremely negative correlation is observed between the contents of oleic and linoleic acid in cameillia 
oleifera fruit trees (Wang et al., 2008) and this same relationship was also proved existed in walnut trees in our 
results. This phenomenon probably rises from the saturate conversion of the two fatty acids of same carbon chain 
length. Although the samples are from two different production areas, the content relationship between oleic acid 
and linoleic acid appears to be same. Therefore, the differences of oleic and linoleic acid from two production 
areas can be considered as one index of fatty acid to compare. Our results showed that Tunliu is suitable for 
MUFA-rich or oleic-rich walnut, in other words, Yicheng is suitable area for linoleic acid-rich walnut.  

3.2 Comparison of Nutrition Characteristics of Walnut From Two Production Areas 

The nutrition characteristics of walnut fatty acids was compared on Tables 4-5. Tunliu has a lower of SFA (7.6% 
< 8.2%, P < 0.05) and a higher UFA (92.5% > 91.8%, P < 0.05) compared to Yicheng, respectively, but the 
polyunsaturated fatty acids (PUFA) content of Yicheng was higher than that of Tunliu (76.3% > 68.5%, P < 0.05), 
and its ratio of N-6/N-3 was also better compared to Tunliu (5.4:1 < 5.9:1). Air temperature has a positive effect 
on PUFA amount (Li et al., 2007). Annual mean temperature of Yicheng (11.0 ºC) was higher than that of Tunliu 
(9.3 ºC). However, there was no difference in PUFA/SFA. This indicated that the unsaturated conversion of the 
two fatty acids of same carbon chain length are confined to definite unsaturated acids rather than saturate acids, 
despite of the difference of annual mean temperature in two production areas. 
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Table 4. Fat nutrition characteristic of 6 walnut varieties yielded from Yicheng County 

Walnut 

Varieties 
ΣSFA/% ΣUFA/% ΣMUFA/% ΣPUFA/% N-6/N-3 PUFA/SFA 

Liaoning No.1 7.9 92.1 20.7 71.5 4.5  9.1  

Luguang 8.4 91.6 16.0 75.6 5.1  9.0  

Lipin No.2 8.2 91.8 15.2 76.6 6.1  9.3  

Beijing861 8.2 91.8 12.4 79.4 6.3  9.7  

Zhonglin No.1 8.9 91.1 14.2 76.9 5.9  8.6  

Zhonglin No.3 7.7 92.3 11.4 77.9 4.4  10.1  

Average 8.2 91.8 15.0 76.3 5.4 9.3 

ΣSFA, ΣUFA, ΣMUFA and ΣPUFA are abbreviated for the total amount of SFA, UFA, MUFA, and PUFA, 
respectively. 

 

Table 5. Fat nutrition characteristic of 6 walnut varieties yielded from Tunliu County 

Walnut 

Varieties 
ΣSFA/% ΣUFA/% ΣMUFA/% ΣPUFA/% N-6/N-3 PUFA/SFA 

Liaoning No.1 8.6 91.4 13.3 78 5.8  9.1  

Luguang 7.5 92.5 19.5 72.6 4.9  9.7  

Lipin No.2 6.9 93.1 31.4 61.7 7.6  8.9  

Beijing861 5.6 94.4 22.4 72 6.0  12.9  

Zhonglin No.1 8.5 91.5 33.1 58.6 4.6  6.9  

Zhonglin No.3 8.2 91.8 23.3 68.5 6.3  8.4  

Average 7.6 92.5 23.8 68.6 5.9 9.3 

ΣSFA, ΣUFA, ΣMUFA and ΣPUFA are abbreviated for the total amount of SFA, UFA, MUFA, and PUFA, 
respectively. 

 

There was a significant difference of α-linolenic acid content (ALA) between Yicheng and Tunliu. The content of 
ALA of every variety from Yicheng was higher than that of Tunliu correspondingly (Figure 3). And then the 
average of α-Linolenic acid was also more than that of Tunliu (12.1% > 10.2%, average value). Annual mean 
temperature can affect the synthesis of ALA. With the annual mean temperature the content of ALA increases (Li 
et al., 2007). In our study, higher annual mean temperature of Yicheng (11.0 ºC) had an increased amount of 
ALA compared to Tunliu (9.3 ºC). This result can be explained for the differences of annual mean temperature in 
production areas. Higher annual mean temperature was always accompanied with longer frost-free period and 
illumination time, and these climate conditions can be also helpful to ALA biosynthesis. 
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Figure 3. ALA content of walnut between Tunliu and Yicheng 

 

ALA is the precursor of synthesize EPA (eicosapentaenoic acid) and DHA (Docosahexaenoic acid), and have 
also physiologically active like decreasing blood lipid, decreasing blood pressure, antithrombosis and preventing 
and curing athrosclerosis, etc. For the appropriate ratio of the N-6 to N-3 fatty acids (Simopoulos, 2002) also 
needs an important increase in ALA concentration. So it is strongly advised that the higher annual mean 
temperature should be considered to produce the ALA-rich walnut. 

4. Conclusion 

The content of oil of the most varieties from Tunliu with higher altitude was more than that of Yicheng of lower 
altitude, but the difference was insignificant. 

The content of oleic acid and linoleic acid showed a significant difference between Tunliu and Yicheng. The 
differences of oleic and linoleic acid from two production areas can be considered as one index of fatty acid to 
compare. There is a negative relationship between the contents of oleic and linoleic acid despite of different 
production areas of walnut. 

Annual mean temperature from different production areas has an obvious influence on α-linolenic acid (ALA) 
content of walnut. The content of ALA of Yicheng with higher annual mean temperature is higher than that of 
Tunliu with lower annual mean temperature. 

Higher altitude and lower annual mean temperature can help to produce oleic-rich walnut while lower altitude 
and higher annual mean temperature is helpful for the higher content of ALA in walnut kernel. 
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