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Abstract The content and composition of fatty acids,

sterols, tocopherols, and c-oryzanol in wild rice (Zizania

palustris) grown in North America were compared with

those in regular brown rice (Oryza sativa L.). The lipid

content of wild rice ranged from 0.7 to 1.1%, compared

with 2.7% in regular brown rice. The lipids of wild rice

comprised mainly linoleic (35–37%) and linolenic (20–

31%) acids. Other fatty acids included palmitic (14.1–

18.4%), stearic (1.1–1.3%), and oleic (12.8–16.2%). Wild

rice lipids contained very large amounts of sterols, ranging

from 70 g/kg for a Saskatchewan sample to 145 g/kg for

Minnesota Naturally Grown Lake and River Rice. The

main sterols found in an unsaponified fraction were: cam-

pesterol (14–52%), b-sitosterol (19–33%), D5-avenasterol

(5–12%), and cycloartenol (5–12%). Some of sterols,

c-oryzanols, were present as the phenolic acid esters; the

amount ranged from 459 to 730 mg/kg in wild rice lipids.

The largest amounts of tocopherols and tocotrienols, 3682

and 9378 mg/kg, were observed in North Western Ontario

wild rice samples, whereas the lowest were 251 mg/kg in

an Athabasca Alberta sample and 224 mg/kg in regular

long-grain brown rice. The a isomer was the most abundant

among tocopherols and tocotrienols. The results of this

study showed that wild rice lipids contain large amounts of

nutraceuticals with proven positive health effects.

Keywords Wild rice lipids � Linolenic acid �
Tocopherols � a-Tocopherol � Phytosterols � b-Sitosterol �
c-Oryzanol

Introduction

Wild rice, known also as Canadian rice, Indian rice, and

water oats, which belongs to the genus Zizania, is grown as

an aquatic cereal grain. It consists of four species: Zizania

palustris L., Zizania aquatica L., Zizania texana H., and

Zizania latifolia G. The first three species are native to the

North America and the fourth to Asia. Zizania palustris L.

and Zizania aquatica L. are annuals whereas the others are

perennials [1–3]. Wild rice varieties Zizania palustris L.

and Zizania aquatica L. are predominantly grown naturally

in lakes, rivers, and streams in the Great Lakes region and

the Northern part of the Canadian prairies, and they are

harvested from an air boat [1, 4, 5].

The wild rice kernel has a long and narrow cylindrical

shape, with a length from 7.5 to 18.0 mm and a width from

1.5 to 4.0 mm, and is usually used dehulled but non-polished

[4]. Like other cereals, wild rice grain is a food commodity

containing 74% starch and 14% protein as the main con-

stituents. In addition, it also contains dietary fiber (6.8%),

lipids (1.7%), and ash (1.8%) [4]. The relatively high level of

ash suggests that wild rice grain may serve as a good source

of minerals such as potassium and phosphorus [1, 6].

Wild rice has been consumed as a staple food by

the native North Americans, especially the Ojibway,

Menomini, and Cree tribes, since prehistoric time [7, 8].
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Recently, the utilization of wild rice is gaining popularity

among consumers, and is commonly available in super-

markets and restaurants. It is also used as ingredient in a

variety of foods such as soups, meat dishes, stuffings,

breakfast cereals, pancakes, muffins, cookies, and others

[1, 3].

To the best of our knowledge, no data are available

about the lipid components of North American wild rice;

the main objective of this study was, therefore, to assess the

content and composition of fatty acids, tocopherols, sterols,

and c-oryzanol in commercial brands of wild rice.

Materials and Methods

Materials

Samples of commercial wild rice were obtained from the

following suppliers; the abbreviation in the brackets fol-

lowing the name of the rice is used in this paper: Minnesota

Natural Lake (MNL; C & G Enterprises, Minnesota, USA),

North Western Ontario (NOW; Shoal Lake Wild Rice,

Winnipeg, Manitoba, Canada), Saskatchewan (S; Points

North Wild Rice Company, Yorkton, Saskatchewan,

Canada), Athabasca Alberta (AA; Alice Ptolemy Lakeland

Wild Rice, Athabasca, Alberta, Canada), Manitoba Far

North (FNM; Far North Wild Rice, Manitoba, Canada),

Minnesota Naturally Grown Lake & River (MNGLR;

Moose Lake Wild Rice Company, Minnesota, USA),

Minnesota Cultivated Wild Rice (MC; Moose Lake Wild

Rice Company, Minnesota, USA). Regular long (LGR) and

medium grain (MGR) brown rice were obtained from

Riceland Foods (Arkansas, USA) and used as references.

Reagents, solvents, and sterol standards were purchased

from Sigma–Aldrich (St Louis, MO, USA). Standards of

tocopherols were obtained from Calbiochem–Novabio-

chem (San Diego, CA, USA). Fatty acid methyl ester

standards were purchased from Nu-Chek-Prep (Elysian,

MN, USA). Gamma-oryzanol was a kind gift from Oryza

Oil and Fat Chemical (Japan). BSTFA (N,O-bis(trimeth-

ylsilyl)trifluoroacetamide), TMCS (trimethylchlorosilane),

and pyridine were obtained from Supelco (Bellefonte, PA,

USA).

Lipid Extraction

The wild rice kernels were ground in a coffee mill before

lipid extraction. Ground seeds (40 g) were homogenized

with 400 mL chloroform–methanol (2:1, v/v) following the

Folch procedure [9]. Extraction was repeated thrice. Dis-

tilled water (100 mL) was added to the combined extracts.

The lipid extract was concentrated under vacuum in a

rotary evaporator (Büchi Labortechnik, Switzerland) at

35 �C. Solventless lipids were transferred to brown glass

vials with 10 mL iso-octane, flushed with nitrogen, and

stored at -20 �C until analyzed.

Fatty Acid Composition

The fatty acid composition of wild rice lipids was ana-

lyzed by following AOCS Official Method Ce 1-62 [10].

The FAMEs were separated on a TR-FAME capillary

column (100 m 9 0.25 mm 9 0.25 lm; ThermoFisher

Scientific, Waltham, USA) installed in a Trace GC Ultra

gas chromatograph (Thermo Electron, Rodano, Italy).

The FAME sample, 1 lL, was injected with an AS

3000 autosampler (Thermo Electron, Rodano, Italy) into a

temperature-programmed injector (PTV). Hydrogen was

used as carrier gas at a flow rate of 1.5 mL min-1. Col-

umn temperature was programmed from 70 �C to 160 �C

at 25 � min-1, held for 30 min, then further programmed

to 210 �C at 3 � min-1. Initial and final temperatures were

held for 5 and 30 min, respectively. Detector temperature

was set at 250 �C. Fatty acids were identified by com-

parison of the retention times with those of authentic

standards and the results are reported as a weight per-

centage of the lipid.

Sterol Analysis

Sterols content and composition in rice samples were

assessed by gas chromatography following the procedure

described by Rudzińska et al. [11]. Briefly, lipids were

saponified with 1 M KOH in methanol overnight at room

temperature, then water was added and unsaponifiables

extracted with diethyl ether. Dry residues were silylated

with BSTFA containing 1% TMCS. Derivatives of the

sterols were separated on a Hewlett-Packard 6890 gas

chromatograph with an HP-5 capillary column (30 m 9

0.25 mm 9 0.25 lm, J&W Scientific, Folsom, CA, USA).

Split injection with split ratio 1:25 was used. Temperatures

were set as follows: column isothermal at 290 �C, injector

and detector at 310 �C. Helium was used as the carrier gas

at a flow of 1.6 mL/min. An internal standard, 5a-choles-

tane, was used for quantification. Phytosterols were iden-

tified by comparison of retention data and by GC–MS

using a Finnigan Trace 2000 gas chromatograph coupled to

a Finnigan Polaris Q quadrupole ion-trap mass spectrom-

eter after separation on a DB-5 capillary column (50 m 9

0,2 mm 9 0.32lm; J&W). Helium was used as carrier gas

at a flow rate of 0.6 mL/min. All mass spectra were

recorded using electron-impact ionization mode at 70 eV

and scanning mass in the range of 100–650 D. Ion source

was held at 200 �C and injector at 300 �C. A combination

of the NIST Mass Spectra Library and collected spectra of

sterols were used to identify the sterols.
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Tocopherol Analysis

Tocopherols were analyzed as previously described [12].

Briefly, 50 mg oil was weighed directly into a 1.5-mL vial

and mixed with 1 mL hexane. Separation was done using a

Finnigan Surveyor Plus HPLC System (Thermo Electron,

Waltham, MA, USA) with a Finnigan Surveyor model FL

Plus fluorescence detector set for excitation at 292 nm and

emission at 394 nm. A 20-lL sample was injected on to a

diol column (250 9 4.6 mm, 5 lm; Monochrom, Varian,

Palo Alto, CA, USA). The mobile phase was 7% tert-butyl

methyl ether in hexane at a flow rate of 0.6 mL/min.

Standards of tocopherol isomers were used for identifica-

tion by comparing retention data. Quantification was based

on external calibration for each isomer separately and all

results are expressed as mg tocopherols per kg lipids.

Gamma-Oryzanol

Gamma-oryzanol standard and wild rice oil samples

(50 mg/mL) were analyzed by HPLC using a Finnigan

Surveyor Plus HPLC system (Thermo Electron, Waltham,

MA, USA). A 20-lL sample was injected on to a C18

column (300 9 3.9 mm; 4 lm, NovaPak, Waters) held at

30 �C. Separation was achieved by using acetonitrile–

methanol (65:35, v/v) as mobile phase at a flow rate of

0.85 mL/min. Detection was at 325 nm using a Finnigan

Surveyor photodiode-array detector (PDA). Total amounts

of gamma-oryzanols is expressed as a group of esters and

quantified by using the external calibration method.

Statistical Analysis

Data are presented as means ± SD from experiments in

triplicate in which each analysis was also performed in

triplicate. Statistical analysis of the data was performed by

analysis of variance (ANOVA) using Minitab 2000 Ver-

sion 13.2 statistical software (Minitab, PA, USA). Statis-

tically significant differences were determined at P \ 0.05.

Results and Discussion

Lipid Content

The lipid content of the rice samples analyzed ranged from

0.7 to 1.1% (Table 1). The NOW wild rice contained the

largest amount of lipids whereas the lowest content was

found in FNM rice (Table 1). Conversely, the lipid content

of LGR and MGR regular rice samples, used in this study

as the controls, were 2.6 and 2.8%, respectively. The lipid

content of analyzed wild rice samples were in agreement

with data reported for North American wild rice (Zizania

aquatica L. and Zizania palustris L.) [1, 4]. Zhai et al. [3]

and Aizawa et al. [13] reported lipid contents of Chinese

and Japanese wild rice (Zizania latifolia) at levels of 1.1%

and 1.4%, respectively.

Fatty Acid Composition

Substantial differences were observed in the amounts of

saturated, monounsaturated, and polyunsaturated fatty

acids among wild and regular rice samples (Table 1).

Among saturated fatty acids, amounts of palmitic acid were

similar in both types of rice whereas the amount of stearic

acid in regular brown rice was almost twice that in wild

rice (Table 1). Oleic acid was the most abundant mono-

unsaturated fatty acid in wild rice. Values ranged from

12.8% in NOW to 16.2% in AA rice samples, whereas in

regular rice the level was found to average 40% (Table 1).

Among polyunsaturated fatty acids, linoleic and linolenic

were predominant. The linoleic acid content ranged from

35% in NOW to 37.8% in MC wild rice, comparable to

levels of 35.2–37.5% observed in regular rice. The amount

of linolenic acid in wild rice was 11 to 18 times higher than

observed in regular rice (Table 1). In agreement with our

observations, Oelke [1] reported that wild rice lipid usually

contains a larger proportion of linoleic and linolenic acids,

with a collective contribution of 68%, which is higher than

that observed in standard cereals [14]. Aizawa et al. [13]

found that Japanese wild rice (Zizania latifolia) was a rich

source of linoleic (41%) and linolenic (22%) acids. The

ratios of omega-6 to omega-3 in wild rice samples were

from 1.1 for NOW to 1.8 for AA, whereas those in standard

rice were from 20.2 to 22.4 (Table 1). Low ratios of n-6/n-3;

determined in wild rice lipids may have beneficial effect on

human blood lipids [15].

Sterols Composition and Contents

Wild rice lipids contained very large amounts of total sterol,

varying from 70 g/kg in S to 145 g/kg in MNGLR, whereas

regular rice contained 27 g/kg (Fig. 1). The phytosterols

content of wild rice lipids was 3.5 times higher than reported

for cereal by-products such as rice bran, wheat bran, and

wheat germ [16]. The phytosterols composition was different

among the wild rice samples analyzed, as shown in Table 2.

Campesterol, b-sitosterol, and cycloartenol were the main

phytosterols found in the wild rice lipids. These compounds

contributed 54% of the total sterol content in NOW and 75%

in MNGLR wild rice samples. In the latter sample, an

unusually high campesterol content, 52%, was observed

(Table 2). Substantial amounts of the major phytosterols

were found among the phytosterols of wild and regular rice.

In the wild rice lipids, amounts of 24-methylenecycloartenol

and stigmasterol (3.2–7.8% and 3.7–6.5%, respectively)
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were lower than observed in LGR and MGR brown rice

(13–14% and 10.1–10.4%, respectively). Amounts of

D5-avenasterol in the wild rice samples were larger than in

regular rice (Table 2). Other minor sterols, namely, clerosterol

(1.9–5.5%), D7-avenasterol (1.7–5.0%), citrostadienol

(1.0–5.0%), 23-dehydrositosterol (1.1–3.4%), and gramis-

terol (1.8–3.3%) were identified in the wild rice lipids.

Phytosterols play a positive role in reducing absorption of

cholesterol and reducing the level of negative lipoproteins in

human blood, thus potentially reducing the development of

heart diseases [15].

Tocochromanols

We found substantial amounts of tocopherols and tocot-

rienols in the wild rice samples analyzed (Fig. 2). The

lipids of NOW wild rice contained the highest amounts of

tocopherols and tocotrienols, 3682 and 9378 mg/kg lipids,

whereas the lowest amount was found in AA wild rice, 251

and 540 mg/kg of lipids, respectively. Brown rice samples

differ in the amount of tocopherols; MGR contained

2565 mg/kg lipids, seven times the amount found in LGR.

Additionally, the total amount of 4478 mg/kg tocotrienols

in MGR was 20 times higher than that found in LGR

(Fig. 2). The amounts of total tocopherols in the wild rice

samples were higher than observed in standard refined rice

bran oil 16–452 mg/kg [17], deodorized rice bran oil

297 mg/kg [18], and high-oryzanol rice bran oil 123 mg/kg

[19]. Alpha tocopherol was the main isomer found in the

wild rice lipids analyzed, with amounts ranging from 142

to 2537 mg/kg lipids. We also observed smaller amounts of

b, c, and d-tocopherol isomers—224, 386, and 608 mg/kg

lipids, respectively (Table 3). In the North American wild

rice samples and in regular rice samples over 80% of total

tocopherols were the a and d isomers (Table 3). The total

tocotrienols content of the wild rice samples were much

higher than in rice bran (155–163 mg/kg) and brown rice

powder (38–53 mg/kg) [20], and in a methanolic rice bran

extract (220–460 mg/kg) [21]. Similarly to tocopherols,

alpha-tocotrienol was the main isomer found in the wild

rice samples; amounts in AA and NOW ranged from 370 to

9169 mg/kg lipids (Table 3). Other tocotrienol isomers, b,

c, and d, were found at 92, 294, and 462 mg/kg lipids,

respectively. However, the level of c-tocotrienol was twice

the level of the a isomer in LGR. MGR rice contained

Table 2 Sterol composition of wild and regular rice lipids (% of total sterols)a

Sterols Wild rice Standard brown rice

MNL NOW S AA FNM MNGLR MC LGR MGR

Campesterol 16.6 ± 0.2b 14.9 ± 0.4a 14.3 ± 0.2a 16.4 ± 0.3b 15.6 ± 0.2b 51.7 ± 0.6d 17.1 ± 0.5c 14.2 ± 0.3a 16.8 ± 0.2c

Stigmasterol 5.5 ± 0.2b 5.3 ± 0.2b 5.8 ± 0.1b 6.5 ± 0.3c 6.5 ± 0.3c 3.7 ± 0.1a 5.8 ± 0.1b 10.1 ± 0.2d 10.4 ± 0.4d

Clerosterol 1.9 ± 0.2a 2.8 ± 0.1c 4.6 ± 0.3d 5.5 ± 0.2e 4.4 ± 0.2d 2.4 ± 0.1b 1.9 ± 0.2a 1.9 ± 0.1a 2.9 ± 0.2c

23-Dehydrositosterol 2.9 ± 0.2e 2.1 ± 0.1c 1.9 ± 0.2bc 3.3 ± 0.2f 1.4 ± 0.1ab 1.1 ± 0.1a 3.4 ± 0.1f 2.4 ± 0.2d 1.6 ± 0.1b

b-Sitosterol 26.6 ± 0.5c 29.7 ± 0.4e 31.0 ± 0.5f 32.5 ± 0. 6 g 32.5 ± 0.3 g 19.1 ± 0.4a 26.7 ± 0.4c 25.2 ± 0.4b 28.8 ± 0.3d

D5-Avenasterol 9.0 ± 0.3e 6.2 ± 0.2c 8.5 ± 0.3d 9.0 ± 0.2e 11.7 ± 0.5f 5.1 ± 0.2b 9.5 ± 0.2e 6.2 ± 0.1c 4.1 ± 0.2a

Gramisterol 3.1 ± 0.1c 3.3 ± 0.1c 3.2 ± 0.2c 2.7 ± 0.3bc 3.2 ± 0.1c 1.8 ± 0.2a 3.0 ± 0.2c 2.4 ± 0.2b 1.7 ± 0.1a

Cycloartenol 12.2 ± 0.3 g 9.9 ± 0.3e 10.1 ± 0.5e 8.2 ± 0.4c 7.2 ± 0.2b 4.7 ± 0.2a 11.3 ± 0.3f 11.7 ± 0.3f 9.0 ± 0.2d

D7-Avenasterol 3.5 ± 0. 2c 3.7 ± 0.1c 4.4 ± 0.1d 3.5 ± 0.2c 5.0 ± 0.1e 1.7 ± 0.1a 3.6 ± 0.1c 3.7 ± 0.2c 3.1 ± 0.2b

24-Methylenecycloartanol 6.9 ± 0.3d 6.5 ± 0.1d 5.0 ± 0.2c 4.0 ± 0.1b 3.2 ± 0.2a 3.6 ± 0.2a 7.8 ± 0.3e 14.0 ± 0.2 g 13.0 ± 0.4f

Citrostadienol 3.8 ± 0.1e 5.0 ± 0.2f 3.3 ± 0.1d 1.9 ± 0.2b 1.6 ± 0.1b 1.0 ± 0.1a 3.3 ± 0.1d 3.1 ± 0.2c 4.9 ± 0.2f

Othersb 7.9 ± 0.3f 10.5 ± 0.3 g 8.0 ± 0.3f 6.4 ± 0.2d 7.5 ± 0.3e 4.2 ± 0.2b 6.6 ± 0.3d 5.2 ± 0.2c 3.7 ± 0.3a

Means in the same row followed by different superscript letters are significantly different (p \ 0.05)

For sample abbreviations see Table 1
a Values are reported as mean ± SD from triplicate determination (n = 3)
b Total unidentified sterols as group

Amount (g/kg)
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Fig. 1 Total amounts of phytosterols in wild and regular rice lipids.

For sample abbreviations see Table 1
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mainly a-tocotrienol, 93%, with very small amounts of

c-tocotrienol (Table 3). Published data related to the

tocopherol, tocotrienols, and sterols content of wild rice

lipids is lacking and comparison is not possible.

c-Oryzanol

Gamma-oryzanol is a complex mixture of ferulic acid

esters with sterols and triterpenic alcohols [22]. Total

amounts of c-oryzanols in analyzed lipids of the rice

samples varied from 459 to 730 mg/kg in the North

American wild rice and from 459 to 613 mg/kg in regular

brown rice. The largest amount was observed in MNL and

the lowest in NOW wild rice sample. S, MNGLR, and MC

samples contained 524, 534, and 535 mg/kg, respectively

(Fig 3). The amount of c-oryzanols in wild rice lipids was

higher than in regular rice bran oil (RBO), which is

regarded as a rich source of oryzanol [20]. Rogers et al.

[17] reported that the total amount of c-oryzanol in three

refined RBO from different manufacturers ranged from 510

to 787 mg/kg, whereas in two other samples the amounts

found were below 150 mg/kg. The North American wild

rice contains 1.5 times more c-oryzanol than Brazilian rice

bran oil, which contained 290 mg/kg oil [18]. Abidi and

Rennick [19] reported lower amounts of oryzanol in a RBO

(359 mg/kg), but much higher levels in high-oryzanol RBO

(7435 mg/kg). In these RBO oils, cycloartanyl ferulate was

identified as the main ester of c-oryzanol. Results for the

North American wild rice, and previously published data

[17–19], suggest that c-oryzanol content depends on rice

origin, variety, and growing conditions. Gamma-oryzanol

is known to have antioxidant and cholesterol-lowering

properties, and wild rice could be recognized as potential

health-promoting food containing nutraceuticals [23, 24].

Not only were differences between the concentrations of

c-oryzanols in the North American rice samples observed;

disparity in the composition of sterol esters was also found.

HPLC analysis led to separation of 6–10 different esters

which were analyzed as a total c-oryzanols.

Conclusion

The results of our study reveal that the lipids of the North

American wild rice are an excellent source of linoleic and

linolenic essential fatty acids; the latter, in particular, is

present in unusually large amounts. These oils also contain

large amounts of nutraceuticals such as phytosterols, toc-

opherols, and c-oryzanol. The lipid composition suggests

that the wild rice could be a good source of nutraceuticals

with positive health benefits. Wild rice may well be

Amount (mg/kg)
0 1200 2400 3600 4800 6000 7200 8400 9600

MNL

NOW

S
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FNM

MNGLR

MC

LGR

MGR Tocopherols
Tocotrienols

Fig. 2 Amounts of tocopherol and tocotrienol in wild and regular

rice lipids. For sample abbreviations see Table 1

Table 3 Tocopherols and tocotrienols composition of wild and regular rice lipids (% within chromanol group)a

Chromanol Wild rice Standard brown rice

MNL NOW S AA FNM MNGLR MC LGR MGR

a-Tocopherol 69.5 ± 3.5 68.9 ± 3.4 81.1 ± 4.1 56.6 ± 2.8 52.8 ± 2.6 65.6 ± 3.3 70.7 ± 3.5 81.8 ± 4.1 72.1 ± 3.6

b-Tocopherol 6.5 ± 0.2 5.9 ± 0.3 7.6 ± 0.3 NDb 7.9 ± 0.4 8.3 ± 0.4 9.4 ± 0.5 0.2 ± 0.01 2.3 ± 0.1

c-Tocopherol 4.3 ± 0.2 10.5 ± 0.5 1.9 ± 0.1 ND 10.8 ± 0.5 10.2 ± 0.5 7.0 ± 0.3 18.0 ± 0.9 11.5 ± 0.6

d-Tocopherol 19.8 ± 1.0 14.7 ± 0.7 9.4 ± 0.5 43.4 ± 2.2 28.6 ± 1.4 15.9 ± 0.8 12.9 ± 0.6 ND 14.1 ± 0.7

a-Tocotrienol 76.9 ± 3.8 97.8 ± 4.9 77.3 ± 3.8 68.4 ± 3.4 91.4 ± 4.6 80.2 ± 4.0 85.6 ± 4.3 32.4 ± 1.6 93.4 ± 4.7

b-Tocotrienol 9.4 ± 0.4 0.7 ± 0.1 ND ND ND 1.7 ± 0.1 6.0 ± 0.2 ND ND

c-Tocotrienol ND ND ND ND ND ND ND 67.6 ± 3.4 6.6 ± 0.3

d-Tocotrienol 13.7 ± 0.7 1.5 ± 0.1 22.7 ± 1.1 31.6 ± 1.6 8.6 ± 0.4 18.1 ± 0.9 8.4 ± 0.4 ND ND

For sample abbreviations see Table 1
a Values are reported as mean ± SD from triplicate determination (n = 3)
b Not detected
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incorporated into our daily diet to improve nutritional value

of our Western diet.
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