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ABSTRACT

The proximate composition of eleven walnut (Juglagg L.) genotypes (28K 010, 285K 055, 285K 041, 285K
601, 288K 925, 285K 028, 285K 118, 285K 350, 285K 930, 285K 850, 285K 036) and three walnut cultivars
(Sebin, Bilecik, Kaman 1) produced in Turkey werestatned. The oil content of the samples ranged B&r82 to
69.35%, corresponding to an energy value of appnakély 710 kcal per 100 g of kernel. The proteintent
ranged from 10.58 to 18.19%, and the carbohydrammmosition was between 9.05 and 18.92%. The asteron
ranged from 1.53 to 1.99%, and the moisture contérthe kernels was between 1.91 and 4.48% the al&t
content of the oils ranged from 17.90 to 33.35%heftotal fatty acids. The linoleic acid contenhgad from 43.15
to 60.20%. The linolenic acid content ranged fro®8%o 13.00%. The palmitic acid content was betwg&1 and
8.40%. Stearic acid ranged from 2.36 to 4.25%. Bsitam was the major mineral in all the samplesgiag from
359.73 to 482.97 mg/100 g. Calcium was the next atmsndant mineral, ranging from 109.45 to 335.93/100 g,
followed by magnesium, ranging from 126.01 to 18%4/100 g.
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INTRODUCTION and the irrigation rate (Greve et al. 1992; Gaetia
al. 1994; Calarirmak 2003; Akca et al. 2005). The
The high nutritive value and characteristic healthfatty acids present in the walnut oil are primarily
promoting components of walnuts make them atnsaturated fatty acids. Compared with most other
indispensable part of the Mediterranean diet. Theuts, which contain mostly monounsaturated fatty
lipids (tocopherol, fatty acid), protein and mirlera acids (MUFA), walnuts are highly enriched in
contained in the walnuts have beneficial effects oamega-6 and omega-3 polyunsaturated fatty acids
human health. The walnut kernelu@lans regia (PUFA). These PUFA are essential dietary fatty
L.) generally contains approximately 60% oilacids (Amaral et al. 2003). It has been suggested
(Prasad 1994). However, this can vary from 52 t¢hat the high PUFA content of walnuts can serve to
70%. The amount of oil in the walnut kernelreduce the risk of heart disease. The major fatty
depends on the cultivar, location at which growracids found in walnuts are linoleic (18:2 way,
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linolenic (18:3 w3), oleic (18:1 w9), palmitic This information can serve as a resource for
(16:0), and stearic (18:0) acid (Ruggeri et al.899 assessment by nutritionists, breeders and growers.
Lavedrine et al. 2000; Zwarts et al. 1999; Li et al
2007). The fatty acid composition of the nut is

important to its economic and nutritional value. MATERIALS AND METHODS
In addition to oil, walnuts provide appreciable

amounts of proteins (12-24%), carbohydrates (12\Nalnut samples

18%), _fibre (1.5-2%) and minerals (1.7-2%)g|aven walnut genotypes (&K 010, 28SK 055,
(Lavedrine et al. 2000; Savage 2001; Amaral et abg SK 041, 285K 601, 285K 925, 285K 028, 28
2003; Calarirmak 2003; Ozkan and quun(_:u SK 118, 285K 350, 28SK 930, 28SK 850, 285K
2005; Akca et al. 2005). Walnuts contain h|gh036) and three commercial cultivarssebin,

levels —of potassium (390-700 mg/100 Q).gjjecik and Kaman 1) were analysed. The walnut
phosphorus (310-510 mg/100 g), and magnesiugis  of genotypes were collected from

(90-140 mg/100 g) and have _IOW sodium (1-1xehinkarahisar province, and the fruits of cultivars
mg/100 g) (Souci et al. 1994; Lavedrine et alyere collected from a commercial plantation in

2000; Savage 2001; Akca et al. 2005). Turkey igqiat in the middle Black Sea Region of Turkey.
the motherland of the walnudyglans regial.)

, The walnut fruits were harvested in September
and one of the world's oldest areas of walnuly, ring the 2005 crop year. After the harvest, the
cultivation.  Turkey has 4.5 million natural \q1nt fruits were immediately dried and stored in

seedling hybrid walnut trees. The climatiCy,o ghell at room temperature until the start ef th
diversity of the country and the high analysis.

heterozygosity of the trees as a result of comtigui
sexual propagation have produced a local waln

population that contains very rich genetic ma’ge'ri he dry matter content was determined by drying
(Akca and Ozongun 2004). The most promising,q samples overnight in a hot-air oven at 105

genotypes are selected for the national germplasmah analysis was carried out by heating the sample
collections. Initially, the goals of walnut breedin

i . in a muffle furnace at 528C for 8 h. The quantity
efforts were blight resistance and anthracnose . A
. . ; . of total protein was calculated by multiplying the
tolerance, high-quality fruit and large yields. &th . : : :
. . nitrogen content, determined using the Kjeldahl
studies have bred for the morphological features -
: . .~ “method, by the coefficient 6.25 (AOAC, 1990).
that include nut weight, nut length, kernel weight .
The carbohydrate content was estimated by

kernel percentage, she_ll thickness, kerne_:l COIOuEfalculating the differences based on the other
kernel fullness, late leafing, and lateral fruitfess

_ i ) .components and using the following formula:
g{OIelz ’ 197t1,Sien201()95 3AIS elebl?jgluo et al. 1223;1Carbohydrate content (%) = 100% - (moisture(%)
Bglrtlagagt eal a 5007) ’Hovx(/::v;n stué(i)ensgu:re Sl protein(%) + oil(%) + ash(%)) (Grosso et al.

' : ' %000). To determine the oil content, the walnuts

needed to describe the nutritional value of setecte ; ;
were ground in a coffee mill for 30 seconds.

varieties. More detailed research on walnuts ) o
Immediately after grinding, the walnuts were

nutritional q_uallty and health-promoting extracted for 6 h with hexane using a Soxhlet
components will enhance knowledge of the crop

; apparatus (Paquat and Houtfenne 1987). Energy
and encourage walnut consumption.

The objective of this study was the Was expressed in kilocalories, using the following

L . . ormula: Energy kcal = 4 x (protein g +
characterisation of the fatty acid composition Offcarbohydrate 9) + 9 x (lipid g) (Pereira et al.,

walnut oil of the selected walnut genotypes grOWQOOB). The protein, carbohydrate and total oil

in Sebinkarahisar and of the commonly grown : .
. ) .~ content of fruits were calculated on a dry weight
cultivars in Turkey. The genotypes and cultivar . . .
asis. All the analyses were carried out in

were chosen according to their properties and tQ. ~.
. L riplicate.
common quality criteria for the nuts, such as nu
weight, nut length, kernel weight, kernel o . .
. etermination of mineral composition
percentage, shell thickness, kernel colour an

) . 0 determine the mineral composition, 0.3-0.4 g
kernel fullness. The nutrients present in walnuts . . .
of previously dried, ground and homogenised

were analysed to determine their nutritional Valuekernel was placed in a platinum crucible. The

hemical analysis
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sample was heated in a muffle furnace at 550 °Cotal ash ranged between 1.53-1.99 %. In general,
for 6 h. Before this, the sample was partiallythese findings agreed with the previously
dissolved in 2 mL HN@ (65%) and heated on a published valuesSahin and Akba (2001) have
hot plate until dry to prevent loss from the sampleeported that 35 walnut genotypes from Turkey
and black smoke during the ash formation. After @ontained 56.38-70.59% oil, 13.59-22.99%
10-min cooling period, the ash was dissolved in  protein, and 1.66-2.81 % ash. Ozkan and Koyuncu
mL HNO; (65%) and diluted with deionised water (2005) have determined the chemical composition
to a volume of 25 mL. A Unicam flame atomicof 10 walnut genotypes as follows: oil, 61.97-
absorption instrument (Model 929 AA) was used’4.95 %; carbohydrate, 8.05-13.23%; protein
for the determination of Na, Mg, K, Ca, Cu, Zn15.17-19.24%; and ash, 1.26-2.06%. Pereira et al.
and Fe in the sample digests. The results we(2008) have evaluated the chemical composition
expressed on a dry-matter basis. All the mineradf six walnut cultivars in Portugal. They foundtha
composition analyses were performed in triplicatethe total oil content of the nuts ranged from 68.83
to 72.14 %. The protein content ranged from 14.38
Determination of fatty acid composition to 18.03 %, and the carbohydrate content ranged
The fatty acid composition of the walnut sampledrom 3.75 to 6.10 %. The genotypes and cultivars
was determined by the gas chromatography (GCanalysed in the current study had a higher
The oil samples obtained via Soxhlet extractiortarbohydrate content than the cultivars reported in
were converted to their corresponding methythe literature. These differences could be attetut
esters according to the AOCS method (AOCSto the year of harvest and the accompanying
1993). The BKFmethanol method was used forenvironmental conditions. Indeed, different values
methylation. The GC analysis of the fatty acidof temperature, rainfall and light can influence th
methyl esters (FAME) was performed using achemical composition of fruits. The energy values
ThermoQuest CE Instrumental Trace 2000 Seriedetermined in the current study ranged from 682 to
GC equipped with a BPX70 Forte Capillary GC728 kcal and were similar to the values reported by
column (60 m x 0.32 mm x 0.25 um film thicknessAmaral et al. (2003) and Pereira et al. (2008).
of 5% biphenyl and 95% dimethyl polysiloxane).The mineral composition of the genotypes and
A split injector (split ratio 13:1) and FID detecto cultivars studied is shown in Table 2. The
were used during the analyses. The columgenotypes and cultivars contained varying
temperature programme was 2 min at 60°Camounts of K, Ca, Mg, Na, Mn, Fe, Cu and Zn.
30°C/min to 150°C, 1°C/min to 190°C, 20°C/min The values found were (mg/100 g): 359.73-482.99,
to 220°C and 10 min at 220°C. The injector and.09.45-335.97, 126.01-165.15, 2.45-9.99, 1.52-
detector temperatures were 225 and 250°CL.79, 2.78-4.85, 0.92-1.80, and 2.45-4.30,
respectively. The carrier gas was nitrogen ata flo respectively. High levels of the major minerals
rate of 30 mL/min. The air and hydrogen flowpotassium, calcium and magnesium were found.
rates were 350 and 35 mL/min, respectively. Th&ery low levels of sodium were detected.
peaks of fatty acids were identified by comparingsenotypes had the most marked effects on the
the retention times with those of a mixture ofpotassium, calcium and sodium concentrations.
isomers of standard methyl esters (Sigmd&or example, 28K 118 walnuts contained the
Chemicals Co. Deisenhofen, Germany). All thdowest level (109.45 mg/100 g) of calcium found,
statistical analyses were performed in triplicatewhereas 28K 601 had the highest level (335.97
and the data were expressed as averages * standagf100 g). Similar results were observed for the
deviations (SD). potassium and sodium. However, these differences
were less pronounced than those found for the
calcium levels of the different genotypes. The
RESULTS AND DISCUSSION Kaman 1 cultivar exhibited significant differences
in the form of low calcium (149.32 mg/100 g) and
The chemical compositions of the cultivars andnagnesium (126.95 mg/100 g) levels. However, it
genotypes are shown in Table 1. Oil was théad the highest sodium (9.99 mg/100 g) and
predominant component, ranging from 61.32 tananganese (4.79 mg/100 g) values of all the
69.35 %, followed by carbohydrates (9.05-18.9Zultivars analysed. The mineral compositions of
%) and protein (10.58-18.19 %). The moisturéwo walnut cultivars (Franquette and Hartley)
content of the kernels ranged between 1.91-4.48%riginating in France and in California have been
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determined by Lavedrine et al. (2000). Theby that study (mg/100 g) ranged between 170-419
potassium levels of the French walnuts werdor potassium, 102-146 for magnesium, 202-453
higher (Franquette: 487 and Hartley: 466 mg/10@or calcium, 0.4-3.5 for sodium, 1.2-6.0 for

g) than those of the California walnutsmanganese, 1.2-6.9 for iron, 1.2-3.8 for zinc and
(Franquette: 358 and Hartley: 372 mg/100 g)0.5-2.2 for copper. The elemental composition and
Inversely, the sodium level was higher in thethe pH of the soil are well known to have a great
Californian Hartley than in the French Hartleyinfluence on the absorption of minerals by plants
(6.7-0.3 mg/100 g). Akca et al. (2005) have als¢Charlot and Germain 1994; Korzeniowska and
compared the mineral composition of TurkishStanislawska-Glubiak 2004).

walnut cultivars. The amounts of minerals found

Table 1 - Proximate Composition of Eleven Walnut Genotyaed Three Commercial Cultivars Grown in Turkey*.

Genotypes Dry Matter  Moisture Total Qil Protein  Carbohydrate Ash Energy
and Cultivars (%) (%) (%) (%) (%) (%) (kcal)
28SK 010 98.09+0.82 1.91+0.82 66.67+1.19 11.56+1.208.28+1.83 1.58+0.27 71943.38
28SK 055 95.52+0.71 4.48+0.71 65.69+1.14  13.78+0.694.38+2.02 1.67+0.26 70416.78
28SK 041 95.64+1.00 4.36x1.00 67.07+1.22 12.40+0.564.39+0.70 1.78+0.13 711+10.13
28SK 601 95.53+2.13 4.47+2.13 64.84+1.66 10.91+2.868.02+3.22 1.76+0.23 699+16.97
28SK 925 96.01+1.00 3.99+1.00 68.40+1.25 12.73+2.613.00+3.51 1.88+0.49 718+2.54
28SK 028 96.54+2.34 3.46+2.34 66.09+1.97 12.52+1.866.13+1.44 1.78+0.34 709+19.24
28SK 118 96.66+2.30 3.34+2.30 68.59+2.14 11.78+1.184.35+3.78 1.94+0.49 722+7.18
28SK 350 96.44+1.64 3.56+1.64 64.60+1.39 12.64+1.197.42+1.16 1.78+0.42 702+13.31
28SK 930 96.81+0.45 3.19+0.45 66.33+1.12 15.50+0.563.08+1.07 1.90+0.65 711+7.97
28SK 850 96.56+1.37 3.44+1.37 65.92+1.30 12.95+0.975.78+1.53 1.94+0.86 708%13.09
28SK 036  95.81+1.92 4.19+41.92 61.32+0.93 13.58+0.508.92+3.01 1.99+0.78 68249.10
Sebin 97.05+0.39  2.95+0.39 69.35+1.05 14.00+0.43 9341.51 1.75+0.75 728%6.95
Bilecik 96.30+1.13 3.70+1.13 65.79+2.39  10.58+0.8018.40+2.26 1.53+0.51 708+14.67
Kaman 1 96.07+1.11 3.90+1.11 67.13+0,73 18.19+1.29.05+2.74 1.73+0.75 713£3.52
* Results are the mean value + standard deviatidhree independent experiments.

Table 2 - Same Minerals Compositions Contents of GenotgpesCultivars*

Genotypes anc K Ca Mg Na Mn Fe cu Zn
28SK 010 417.33£12.6 163.19+7.5 142.12+44  7.16+1.04730.8 4.05+0.4 1.24+0.2 2.45+0.5
285K 055 424.05+12.1 165.82+8.4 139.24+9.0 4.99+1.7 2.63+0485+0.6 1.49+0.4 3.75+0.5
28SK 041 385.33+14.7 218.62+14.126.01+8.5 4.98+2.1 1.52+0.4 3.98+1.4 1.22+0.2 G.B+
288K 601 451.38+13.0 335.97+14.447.89+15.3 8.17+1.9 2.98+0.8 3.67+0.4 1.80+0.2 04038
288K 925 463.91+8.1 147.62+11.136.96+15.4 5.84+2.1 4.28+0.6 3.33#0.4 1.13+0.1 73014
28SK 028 368.48+18.4 216.35+23.338.27+14.9 2.45+1.2 2.44+0.7 3.18+0.3 1.63+0.4 3343
28SK 118 476.99+15.2 109.45+12.227.01+11.3 2.55+#1.3 3.57+0.4 2.78+0.4 1.22+0.2 22077
28SK 350 470.80+11.0 121.20+18.033.05+11.0 3.77+1.3 2.02+0.2 3.19#0.4 0.92+0.2 0204
288K 930 482.97+12.4 161.97+7.2 137.88+15.4 2.45+0.9 3.9¥4+03.84+0.3 1.10+0.2 3.86+0.4
285K 850 441.88+13.7 164.66+6.8 142.91+12.9 2.70+0.8 3.60+03.31+0.5 1.58+0.3 3.63%0.5
28SK 036 417.13+16.9 156.77+7.8 126.86+15.3 3.05+0.9 1.68+03.22+0.6 1.38+0.3 3.43+0.5
Sebin 359.73+15.2 200.39+9.0 156.33+17.3 5.43+0.6 4.32+03.68+0.5 1.55+0.4 2.94+0.3
Bilecik 389.20+10.2 202.26+14.365.15+15.9 6.46+1.2 3.97+0.9 3.58+0.5 1.57+0.4 9204
Kaman 1 366.8116.7 149.32+18.126.95+13.3 9.99+1.2 4.79+0.8 3.27+£0.5 1.54+0.7 88045

*Results are the mean value + standard deviatidghrek independent experiments as mg/100g

The results for the fatty acid composition, totalPUFA) for the walnuts analysed are shown in
saturated fatty acids (SFA), monounsaturated fattfable 3. The major fatty acids in the Turkish
acids (MUFA) and polyunsaturated fatty acidssamples were linoleic (C18:2), followed by oleic
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(C18:1w9), a-linolenic (C18:3), palmitic (C16:0) 930) to 13.00% (28K 041 and 28K 850). Of
and stearic acid (C18:0). Linoleic acid was thdhe remaining fatty acids, only palmitic (5.21-
most abundant fatty acid in all the walnuts8.40%) and stearic acid (2.36-4.25%) were present
analysed, with values ranging from 43.15% in 28n considerable amounts. The main fatty acids
SK 925 to 60.20% in 28K 055. Oleic acid, the occurred in amounts generally similar to those
second in order of importance, ranged fromalready described for walnuts grown in Turkey
17.90% (28SK 850) to 33.5% (28SK 925), (Caglarirmak 2003; Ozkan and Koyuncu 2005;
followed by linolenic acid, from 9.98% (28K  Pereira et al. 2008).

Table 3 - Fatty Acid Composition Content (mg/g) of Oil Extted From Analyzed Walnut Genotypes and
Cultivars*
Fatty 28SK 28SK 28SK 28SK 28SK 28SK 28SK 28SK 28SK 28SK Sebin  Bilecik Kaman
Acid 010 055 041 925 028 118 350 930 850 036 I
C16:0 626 6.66 733 767 575 521 757 551 6.29+0. 6.17 6.84+0. 8.40 7.68

" +0.21 +0.32 +0.31 +0.40 +0.15 +0.38 +0.25 +0.10 1 +0.26 17 +0.25 10.21

cie6:01 0.13 0.14 011 0.3 0.2 010 0.0 0.3 012 020 0.7 023 0.12
+0.02 +0.03 +0.01 #0.04 +0.03 +0.01 +0.0 +0.0 =0.01 +#0.05 +0,03 =+0.04 =+0.02

322 273 282 425 287 361 300 349 336 249 280 322 236
+0.01 +0.02 +0.09 #0.11 +0.08 =+0.20 *0.07 =#0.10 +0.18 =+0.12 #0.10 #+0.11 =0.30

C18:0

C18: 21.92 19.03 21.90 33.35 23.80 30.30 21.84 29.37 17.90 22.02 18.88 27.85 21.84
w9 $0.32 +0.20 +0.21 +0.40 =+1.30 +1.21 +1.53 #0.98 +0.25 +0.61 +0.95 +1.25 +1.12
C1is: nd** 084 083 091 066 051 081 0.73 nd** 043 055 1.00 0.93
w7 +0.02 +0.05 =+0.10 #0.06 +0.02 =+0.02 =+0.05 +0.06 +0.03 +0.06 +0.04
55.68 60.20 53.70 43.15 56.30 47.4 53.21 5044 59.10 56.23 57.80 47.26 54.75
+1.50 +0.90 #2.30 #1.40 +2.00 #2.65 #1.73 =#1.00 +1.52 +2.06 *1.79 +1.76 =+0.98

12.44 10.10 13.00 10.18 10.10 125 13.12 9.98 13.00 12.16 12.61 11.71 12.01
+1.22 +1.13 +0.75 #0.28 +0.39 +0.92 +0.78 +1.20 +1.09 #1.15 +0.87 +1.12 +0.92

0.12 0.0 0.0 013 010 013 0.10 023 010 0112 011 0.0 0.10
+0.05 +0.05 +0.01 #0.01 +0.03 +0.01 +0.01 #0.02 +0.03 +0.02 #0.01 +0.01 +0.03

023 020 022 023 026 025 025 012 0.13 0.18 0.23 023 021
0.0 +0.02 #0.01 +0.01 +0.01 #0.03 +0.02 +0.0 +0.04 +0.03 +0.01 +0.0 =+0.02

958 949 10.25 12.05 8.72 8.95+0.10.67+ 9.24 9.75 8.77 9.75 11.73 10.14
+0.24 +0.35 +0.41 052 +0.26 59 0.33 +0.22 +0.31 +0.40 =0.28 +0.37 +0.54

22.28 20.21 23.06 34.62 2485 31.16 23.00 30.35 1815 22.83 19.83 29.31 23.10
+0.34 +0.23 +0.27 #0.54 +1.39 +1.24 +155 +1.03 +0.30 +0.72 #1.01 +1.35 +1.18

68.12 70.30 66.70 53.33 66.41 59.90 66.33 60.42 72.00 68.39 70.41 58.97 66.76
+2.72 +2.03 +3.05 #1.68 +2.39 +3.57 #251 +2.20 +2.61 +3.21 +2.66 +2.88 +1.90

PUFA/ 3.06 346 289 154 267 192 288 199 397 299 355 201 289
MUFA +0.08 +0.06 0.1 +0.02 +0.05 +0.04 +0.09 +0.0 #0.09 #0.05 #0.05 +0.01 0.07
*Results are the mean value + standard deviatidghrek independent experiments; **Not detected

C18:2

C18:3

C20:0

C20:1

SFA

MUFA

PUFA

The differences between these findings and thealues ranging from 8.72 to 12.05%. K 850
findings of the present study involved linoleichad the lowest total MUFA content along with the
(C18:2), oleic (C18:1) and linolenic (C18:3) acid.highest PUFA content. It was also the cultivar with
PUFA were the main group of fatty acids inhigher value of linoleic acid. 28K 925 had the
walnut oil extracted from the cultivars studied,lowest PUFA value and the highest MUFA value.
with values ranging from 53.33 to 72.00%. Thet was the genotype having the highest value of
values for the MUFA group ranged from 18.15 tooleic acid. These data were in general agreement
34.62 %. SFA were a minor constituent, withwith those of earlier reports (Amaral et al. 2003;
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Li et al. 2007; Venkatachalam and Sathe 20086Zelebioglu G, Ferhatoglu Y, Burak M. Selection and
Pereira et al. 2008). The PUFA/MUFA ratio varied plantation walnuts in Turkey, In: The International
from 1.54 to 3.97. Conference on Walnuts: Proceedings: 1988; Ataturk
Martinez et al. (2006) reported that the Central Horticultural Research Institute. Yalova-

PUFA/MUFA ratio changed from 2.22 to 4.54 in _urkey, 1988. p. 83-87.

X harlot G, Germaine E. Le noyer: nouvelles techesqu
the walnut cultivars Franquette, Chandler ang Ed CTIFL, Paris: 1994,

Criolla. In the current study, some walnutcrews c, Hough P, Godward J, Brereton P, Lees M,
genotypes and cultivars contained higher amountsgyiet S, et al. Study of the main constituentsaohe
of oleic acid, linoleic acid, palmitic acid and authentic walnut oils). Agric. Food Chem2005; 53
linolenic acid than some other walnut genotypes. (12): 4853-4860.
Walnut oil composition is affected by variety, Gaglarirmak N. Biochemical and physical properties of
geographical location, climatic effects, and some walnut genotypes Jyglans regia L.).
treatment. For example, walnut oil composition is_Nahrung/Food2003; 47 (1): 28-32. o
affected by the addition of fertiliser during graowt G2rcia JM, Agar IT, Streif J. Lipid characterization
The composition of walnut oil is also affected by kernels frgm d|ff§rent walnut cultivar$urk. J. Agric.

' : " For. 1994; 18 (3): 195-198.
the maturity of the seed at harvest, its position Og

. . reve LC, Mcgranahan G, Hasey J, Snyder R, Kelly K,
the plant, and its handling after harvest (Crews et goghamer D, et al. Variation in polyunsaturated

al. 2005).The selected genotypes have nutritionally fatty acid composition of Persian walnut. Amer.
promising levels of minerals and fatty acids. The Soc. Hort. Sc1992; 117 (3): 518-522.

data reported in this paper confirmed that walnut&rosso NR, Nepote V, Guzman CA. Chemical
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