
CHAPTER IV

RESULTS AND DISCUSSION

4.1 Extraction of Crude Rice Bran Oil

เท this study, crude rice bran oil was first extracted by MeOH yielding the crude 

MeOH 36.93, 46.50, 64.59 and 40.95 g (18.47, 23.25, 23.92 and 20.48 % yield in rice 

bran) from Pathumthani 1, Kao Dok Mali 105, Sunpatong 1 , and Go Ko Chai Nat 1 rice 

bran, respectively (Table 4.1).

Most researches focusing on oryzanol extracted the oil from mixed rice varieties, 

whereas, our research extracted rice bran oil from each four rice cultivars comprising 

Pathumthani 1, Kao Dok Mali 105, Sunpatong 1, and Go Ko Chai Nat 1. Freshly milled 

rice bran was transported from several sources and stored at -20 °c until analyzed. 

An endogenous lipase activity is activated by milling, resulting in rapid deterioration of 

the oil and rendering it unsuitable for human consumption. Thus, some researches 

inactivated lipase by heating the rice bran at 130-140 °c for 3-90 seconds, yielding 

stabilized rice bran (Fang et al., 2003; McCaskill and Orthoefer, 1994; Qureshi et al., 

2002; Randall et al., 1985). Miller et al., (2004) demonstrated that lipase preparations 

from different sources can not hydrolyze steryl ferulate of oryzanol, so we did not use 

stabilized rice bran in this study. Although, there was no document compared oryzanol 

content obtained from freshly milled and stabilized rice bran.

Hexane is commonly used as a solvent to extract oil from rice bran (Johnson and 

Lusas, 1983; Xu and Godber, 1999). Norton (1994, 1995), Seitz (1989) and Moreau et al., 

(1996) have reported that a hexane extract from corn bran contains high levels of 

ferulate ester, similar in composition to oryzanol found in rice bran and rice bran oil. As 

all components of oryzanol contain the hydroxyl groups in the benzene ring of the 

ferulate portion, the more polar solvents, short-chain alcohols especially ethanol, MeOH 

and isopropanol, have been proposed as alternative extraction solvents (Chen and 

Bergman, 2005). Isopropanol or isopropanol-hexane (1:1 v/v) extracted more oryzanol 

from rice bran than did hexane at elevated temperature, even though hexane recovered 

more rice bran oil (Hu et al., 1996; Xu and Godber, 2000).
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Table 4.1 Amount (% yield in rice bran) of oil in different extraction fractions extracted 

from various cultivars.

% Yield in rice bran

Extracted fractions Pathumthani 1 Kao Dok Mali Sunpatong 1 Go Ko Chai

105 Nat 1

Crude MeOH 18.47 23.25 23.92 20.48

Crude rice bran oil 10.29 15.65 11.93 13.19

MeOH extract 8.18 7.59 11.08 6.79
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Figure 4.1 Comparison of the amount (% yield in rice bran) of crude oil extracted from 

various cultivars
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Methanol, a more polar solvent than isopropanol and hexane, has been used on 

a direct solvent extraction method for the rapid analysis of oryzanol in rice bran. Chen 

and Bergman (2005) demonstrated that MeOH and isopropanol are suitable for 

extracting oryzanol from rice bran at ambient temperature. They found that oryzanol was 

readily extracted by ambient hexane and had 94-96% recovery compared to the hexane 

at 60 °c, while MeOH extracted 10% more oryzanol than hexane at 60 °c. A mixture of 

chloroform-MeOH and dichloromethane-MeOH were also used for extraction of oryzanol 

from rice material (Folch et al., 1957; Miller et al., 2003).

From the Yasukawa et al. (1998) extraction method with some modifications, the 

crude rice bran oil was obtained from the partition of crude MeOH in hexane-MeOH-H20  

(19:19:2 v/v/v) (Table 4.1). As shown in Figure 4.1, the crude rice bran oil contents 

extracted from our condition were less than 18 %yield in rice bran. Typically, 

commercial rice bran contains 18-22% oil (Cicero and Gaddi, 2001: Qureshi et al., 

2002). As for the rice bran previously extracted with MeOH, alcohol tends to extract 

more nonglyceride materials and contain more phosphatide and unsaponifiable 

compounds than hexane, due to their greater polarity (Hu et al., 1996; Johnson and 

Lusas, 1983). Moreover, Qureshi and colleagues (2000) suggested that hexane-soluble 

fraction, prepared from partition with MeOH-soluble fraction, should be left at 0 °c 
overnight before filtering and drying under vacuum to remove some of the sterols and 

triacylglycerides as precipitates.

Generally, crude rice bran oil was extracted using direct solvent extraction 

method or solvent extraction method with saponification. Saponification has been used 

to remove interfering triacylglycerides, neutral lipids and fatty acid; even so, 

saponification may hydrolyze the ester bond between phytosterol and ferulic acid of 

oryzanol (Diack and Saska, 1994; Xu and Godber, 2000). เท the present study, we 

extracted the crude oil without saponification to avoid the loss in saponification probably 

related to degradation in alkaline media and possibly to trapping of the oryzanol in the 

precipitates of the fatty acid salts generated during this process (Lang et al., 1992). On 

the other hand, Hakala and coworkers (2002) modified saponification technique to wash 

neutral lipids from the acetone extracted samples. During method development, they 

claimed the hexane washing of the alkaline กาethanolic extract did not remove steryl
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ferulates. With respect to avoid oxidation in rice bran, some documents were used small 

amount of ascorbic acid combination with organic solvent extraction (Diack and Saska, 

1994; Shin et at., 1997; Xu and Godber, 1999).

4.2 Estimation of Oryzanol

The total oryzanol content of each solvent extracted fraction from each rice 

variety was estimated spectrophotometrically by measuring their optical densities in 

EtOAc at 321 nm. Standard oryzanol, possessed wavelength of maxima at 315 nm, was 

used as a reference compound. The specific extinction coefficient, ร 1C(111 of standard 

oryzanol dissolved in EtOAc was 21226 crn ’M'1. The total oryzanol contents and the 

percentage of estimated oryzanol in rice bran were calculated and presented in Table

4.2 and Figure 4.2, respectively.

The most commonly used techniques for the determination of oryzanol in rice 

bran oil are HPLC and uv spectrophotometry. Since the absorption spectra of the 

individual components of oryzanol are almost identical (Xu and Godber, 1999), uv 

spectrophotometry is preferred to determine its total content (De and Bhattacharyya, 

2000; Gong and Yao, 2001; Qiu and Tang, 1998; Tsuchiya et al., 1957).

As shown in Figure 4.2, crude MeOH and crude rice bran oil from various rice 

varieties were expected to contain approximately 0.21-0.27 and 0.18-0.23 % oryzanol in 

rice bran, respectively. เท the previous studies, the content of oryzanol in rice bran can 

range from 0.18-0.60 % (Qureshi et a i, 2002; Rao et al., 2002; Xu et al., 2001) 

depending on the rice varieties and analytical methods. Thus, our extraction methods 

exhibited appreciate oryzanol content. However, there was a loss of oryzanol in MeOH 

extract, 0.030-0.046 % oryzanol in rice bran. These MeOH extracts possibly contain not 

only oryzanol, but also ferulic acid, since ferulic acid is more polar than oryzanol and 

less partitioned เท hexane portion, These estimated oryzanol contents in MeOH extract 

might influenced by ferulic acid, as ferulic acid was also absorb uv at 321 nm, A,max of 

ferulic acid = 325 nm (Xu and Godber, 1999; Robbins, 2003). From H1-NMR information 

Figure 1 in Appendix A), MeOH extracts mostly contain carbohydrate, e.g. mono-, di- 

and polysaccharide, thus the MeOH extracts were not further purified in this research.
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Table 4.2 The estimated content of oryzanoi from various cultivars

Rice varieties Oryzanoi contents (mg)
Crude MeOH Crude rice bran oil MeOH extract

Pathumthani 1 430 343 91

Kao Dok Mali 105 503 449 79

Sunpatong 1 568 497 81

Go Ko Chai Nat 1 543 465 72

Rice cultivars

□ Crude MeOH □ Crude rice bran oil □ MeOH extract

Figure 4.2 The percentage of estimated oryzanoi in various rice cultivars
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4.3 Identification of Individual Oryzanol

Identification of individual oryzanol extracted from each rice variety was 

undertaken by MS/MS technique. Chemical structures of these compounds were 

determined by analyzes of spectroscopic data, including IR, NMR and Mass spectra, as 

well as by comparison their spectral data with those of published values.

4.3.1 Identification of Individual Oryzanol from Pathumthani 1 Rice Bran 

4.3.1.1 Identification of Individual Oryzanol in Oryzanol Mixture PF1

Oryzanol mixture PF1 was obtained from crystallization as the white 

powder (4.2 mg, 0.02% yield of crude rice bran oil). The structure of oryzanol mixture 

PF1 was elucidated by using spectroscopic techniques.

The IR spectrum of oryzanol mixture PF1 is shown in Appendix A Figure 

2 and the absorption peaks were assigned as Table 4.3. Its IR spectrum indicated 

important absorption band at 3439 cm 1(0-H stretching), 1704 cm"1 (aliphatic ester c = 0  

stretching), 1640 cm"1 (C=C in aromatic ring) and 1558 cm"1 (C=C in unsaturated part).

The 1H-NMR spectrums (Figure 3 in Appendix A) of oryzanol mixture PF1 

possessed a hydroxyl proton of ferulate portion at 5.85 ppm, a methoxy proton of 

ferulate portion at 3.94 ppm and 3 aromatic protons of ferulate portion at 6.91, 7.04 and

7.08 ppm and protons of sterol portion at 0 - 2 ppm. The 1H-NMR information of oryzanol 

mixture PF1 was listed in Table 4.4 comparison with 24-methylenecycloartanyl ferulate 

from the previous investigation. (Yasukawa et al., 1998).

เท negative-ion mode mass spectra, the deprotonated molecular ions of 

oryzanol mixture PF1 showed the peak at m/z 589, 615, 617 and 663 Figure 4 in 

Appendix A). These ions were further deprotonated and yielded [M-H-CHg] ion (Figure 

5-8 in Appendix A). All MS/MS spectra of oryzanol mixture PF1 showed base peak of [M- 

H-CH3] ion resulting from the loss of a methyl group in ferulate moiety.

Ion mass of m/z 600 and 177 were observed from m/z 615 precursor as 

expected for 24-methylenecycloartanyl ferulate (Figure 4.3 and Figure 6 in Appendix A). 

The other ions of deprotonated molecular ions at m/z 598, 617 and 633 were identified 

as sitosteryl ferulate, 24-cycloart-25-ene-3/?,24-diol-3/7 ferulate and 24-hydroxy-24- 

methylcycloartanyl ferulate, respectively. The mechanism proposed for formation of
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product ions was shown in Figure 4.4-4.6 . Moreover, anion, [M-H-2CH3]\  was yielded 

only by sitosteryl ferulate from oryzanol mixture PF1. The structures of these four 

oryzanol components were previously identified in rice bran oil (Akihisa et al., 2000; 

Fang et al., 2003; Rogers et al., 1993; Xu and Godber, 1999).



Tab le  4.3 The IR absorption band assignment of oryzanol mixture PF1

Wavenumber (cm1) Assignment

3439 O-H stretching

2920 aromatic C-H stretching

2853 hydrocarbon C-H stretching

า 704 c=0 stretching in ester

1640 c=c stretching in aromatic ring

1558 c=c stretching

1412 -CH2 and -CH3 bending

1015 C-0 bending

805 C-H bending out of plane
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Table 4.4 1H-NMR spectral data of 24-methylenecycloartanyl ferulate from oryzanol 

mixture PF1 and the literature in CDCIj

H position

' h -NMR chemical shifts (5/ppm, 400 MHz, CDCI3)

Oryzanol mixture PF1 24-Methylenecycloartanyl

ferulate

3 4.70 (1H, m) 4.71 (1H, m)

18 0.97 (3H, ร) 0.98 (3H, ร)

19 0.37 (d, J = 4.0 Hz, exo) 0.37 (d, J = 4.0 Hz, exo)

0.60 (d, J = 3.6 Hz, endo) 0.60 (d, J = 4.0 Hz, endo)

2 1 0.91 (3H, d, J = 5.5 Hz) 0.90 (3H, d, J = 5.5 Hz)

24 4.66 (br ร) 4.67 (br ร)

4.72 (br ร) 4.72 (br ร)

25 2.24 (1H, sept, J -  6.8 Hz) 2.24 (1 H, sept, J = 7.0 Hz)

26 1.02 (3H, d, J = 6.8 Hz) 1.03 (3H, d, J = 6.6  Hz)

27 1.03 (3H, d, J = 6.8 Hz) 1.04 (3H, 6, J =7 . 0  Hz)

28 0.91 (3H, ร) 0.90 (3H, ร)

29 0.97 (3H, ร) 0.98 (3H, ร)

30 0.91 (3H, ร) 0.92 (3H, ร)

2 ’ 6.29 (1H, d , J  = 15.6 Hz) 6.30 (1 H, d, J =  16.1 Hz)

3' 7.59 (1H,d, J =  16.0 Hz) 7.60 (1 H, d, J =  15.8 Hz)

5’ 7.04 (1H,d, J = 1.6 Hz) 7.04 (1H, d, J ะ= 1.8 Hz)

8 ’ 6.91 (1 H, d, J =  8.4 Hz) 6.92 (1 H, d, J =-- 8.4 Hz)

9’ 7.08 (1H, dd, J = 1.6, 8.4 Hz) 7.08(1 H, dd, J =  1.8, 8.4 Hz)

6 ’-OCH3 3.94 (3H, ร) 3.94 (3H, ร)

7'-OH 5.85 (1H, br ร) 5.85 (1 H, br ร)
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4.3.1.2 Identification of Individual Oryzanol in Oryzanol mixture PF2

Oryzanol mixture PF2 was the slightly yellowish-white powder (58.6 mg, 

0.29% yield of crude rice bran oil), melting point 126-127 °c. The structure of oryzanol 

mixture PF2 was elucidated by using spectroscopic techniques.

The IR spectrum of oryzanol mixture PF2 (the significant region is 

reported in Appendix A Figure 9, Table 4.5) shows several bands, 3433 cm '(0-H  

stretching), 1707 cm’1 (aliphatic ester c= 0  stretching), 1646 cm'1 (C=C in aromatic ring) 

and 1561 cm'1 (C=C in unsaturated part).

The ’H-NMR spectrum (Figure 10 in Appendix C) of oryzanol mixture PF2 

possessed a hydroxyl proton of ferulate portion at 5.85 ppm, a methoxy proton of 

ferulate portion at 3.93 ppm and 3 aromatic protons of ferulate portion at 6.91, 7.04 and

7.09 ppm and protons of sterol portion at 0 - 2 ppm. The ’H-NMR information of oryzanol 

mixture PF2 was listed in Table 4.6-4.7 comparison with 24-methylenecycloartanyl 

ferulate and cycloartenyl ferulate from the previous investigation. (Yasukawa et ah, 

1998).

Using negative-ion mode, MS and MS/MS spectra of oryzanol mixture 

PF2 were shown and listed in Appendix A Figure 11-19 and Table 4.8, respectively.

From all spectroscopic information, at least 8 components of oryzanol 

from oryzanol mixture PF2 were identified as 24-methylenecycloartanyl ferulate, 

cycloartenyl ferulate, campesteryl and/or A 7-campesteryl ferulate, campestanyl ferulate, 

campesteryl caffeate, sitosteryl and/or A 7-sitosteryl ferulate, stigmastanyl ferulate and 

24-methylenecholesteryl ferulate (Akihisa et al., 2000; Fang et al., 2003; Iwatsuki et al., 

2003; Rogers et al., 1993; Xu and Godber, 1999; Yasukawa et al., 1998). The structures 

of these oryzanols are depicted in Figure 4.7.

เท summary, at least 10 constituents of oryzanol were found in Pathumthani 1 

rice bran, i.e., 24-methylenecycloartanyl ferulate, cycloartenyl ferulate, campesteryl 

and/or A 7-campesteryl ferulate, campestanyl ferulate, campesteryl caffeate, sitosteryl 

and/or A 7-sitosteryl ferulate, stigmastanyl ferulate, 24-methylenecholesteryl ferulate, 24- 

hydroxy-24-methylcycloartanol ferulate and 24-cycloart-25-ene-3p,24-diol-3P ferulate 

(Figure 4.7).



Table 4.5 The IR absorption band assignment of oryzanol mixture PF2

Wavenumber (cm"1) Assignment

3433 O-H stretching

2960 aromatic C-H stretching

2859 hydrocarbon C-H stretching

1707 c=0 stretching in ester

1646 c=c stretching in aromatic ring

1561 c=c stretching

1408 -CH2 and -CH3 bending

1018 C-0 bending

805 C-H bending out of plane
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Table 4.6 1H-NMR spectral data of 24-methylenecycloartanyl ferulate from oryzanol

mixture PF2 and the literature in CDCI3

1H-NMR chemical shifts (8/ppm, 400 MHz, CDCI3)

H position Oryzanol mixture PF2 24-Methylenecycloartanyi

ferulate

3 4.72 (1H, m) 4.71 (1 H, m)

18 0.97 (3H, ร) 0.98 (3H, ร)

19 0.34 (d, J = 3.6 Hz, exo) 0.37 (d, J = 4.0 Hz, exo)

0.60 (d, J = 4.0 Hz, endo) 0.60 (d, J = 4.0 Hz, endo)

2 1 0.89 (3H, d, J = 5.7 Hz) 0.90 (3H, d, J = 5.5 Hz)

24 4.67 (br ร) 4.67 (br ร)

4.72 (br ร) 4.72 (br ร)

25 2.24 (1H, sept, J = 7.2 Hz) 2.24 (1 H, sept, J  = 7.0 Hz)

26 1.02 (3H, d, J = 6.8 Hz) 1.03 (3H, d, J = 6.6 Hz)

27 1.03 (3H, 6, J -  7.0 Hz) 1.04 (3H, d, J --= 7.0 Hz)

28 0.91 (3H, ร) 0.90 (3H, ร)

29 0.97 (3H, ร) 0.98 (3H, ร)

30 0.93 (3H, ร) 0.92 (3H, ร)

2 ' 6.30 (1 H, d, J =  16.0 Hz) 6.30 (1 H, d, J =  16.1 Hz)

3’ 7.60 (1 H, d, J ะ= 16.0 Hz) 7.60 (1 H, d, J =  15.8 Hz)

5' 7.04 (1H, d, J =  1.8 Hz) 7.04 (1H, d, J =  1.8 Hz)

8 ’ 6.91 (1 H, d, J = 8.0 Hz) 6.92 (1 H, d, J = 8.4 Hz)

9’ 7.09(1H,dd, J = 1.8, 8.0 Hz) 7.08 (1 H, dd, J -  1.8, 8.4 Hz)

6 ’-OCH3 3.93 (3H, ร) 3.94 (3H, ร)

7-OH 5.85 (1 H, br ร) 5.85 (1 H, br ร)
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Table 4.7 ' h -NMR spectral data of cycloartenyl ferulate from oryzanol mixture PF2 and

the literature in CDCIj

H position
1H-NMR chemical shifts (S/ppm, 400 MHz, CDCIj)

Oryzanol mixture PF2 Cycloartenyl ferulate

3 4.72 (1H, m) 4.71 (1 H, m)

18 0.97 (3H, ร) 0.97 (3H, ร)

19 0.34 (d, J = 3.6 Hz, exo) 0.37 (d, J = 4.4 Hz, exo)

0.60 (d, J = 4.0 Hz, endo) 0.60 (d, J = 4.0 Hz, endo)

2 1 0.89 (3H, d, J = 5.7 Hz) 0.89 (3H, d, J = 6.2 Hz)

24 5.10 (1H, brt, J = 7.0 Hz) 5.11 (1 H, brt, J = 7.0Hz)

26 1.68 (3H, ร) 1.69 (3H, ร)

27 1.61 (3H, ร) 1.61 (3H, ร)

28 0.91 (3H, ร) 0.90 (3H, ร)

29 0.97 (3H, ร) 0.98 (3H, ร)

30 0.93 (3H, ร) 0.91 (3H, ร)

2 ’ 6.30 (1H,d, J =  16.0 Hz) 6.30 (1H,d, J =  16.1 Hz)

3' 7.60 (1H, d, J =  16.0 Hz) 7.60 (1H,d, J ะ= 15.8 Hz)

5' 7.04 (1 H, d, J =  1.8 Hz) 7.04 (1 H, d , J -  1.8 Hz)

8 ' 6.91 (1 H, d, J -  8.0 Hz) 6.92 (1 H, d, J = 8.1 Hz)

9' 7.09(1 H, dd, J =  1.8, 8.0 Hz) 7.08 (1H, dd, J = 1.8, 8.1 Hz)

6 ’-OCH3 3.93 (3H, ร) 3.94 (3H, ร)

7’-OH 5.85 (1H, br ร) 5.85 (1 H, br ร)
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Table 4.8 MS/MS data for oryzanols in oryzanol mixture PF2

Oryzanols M.w. Negative MS/MS spectra (m/z)

[M-H]' [M-H-

CH3r

[M-H-

2CH3r

[feruloyl]’ ion from 

freuloyl 

part

Campesteryl caffeate 562 561 546

24-Methylenecholestery

ferulate

574 573 558 193

Campesteryl and/or A 7- 
campesteryl ferulate

576 575 560 193 177

Campestanyl ferulate 578 577 562 193 178

Sitosteryl and/or A 7- 
sitosteryl ferulate

590 589 574

Stigmastanyl ferulate 592 591 576 178

Cycloartenyl ferulate 602 601 586 192 177

24-Methylenecyclortanyl

ferulate

616 615 600 585
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24-Methylenecholesteryl

ferulate
Cycloartenyl ferulate

Campesteryl caffeate 

and ferulate

Campestanyl ferulate

24-Methylenecycloartanyl

ferulate

A 7-Campesteryl ferulate

A 7-Sitosteryl ferulate

๐

fra n s -fe ru la te

๐

trans-caffeate

Figure 4.7 Oryzanol structures from Pathumthani 1 rice bran
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4.3.2 Identification of Individual Oryzanol from Kao Dok Mali 105 Rice Bran 

4.3.2.1 Identification of Individual Oryzanol in Oryzanol Mixture WF1

Oryzanol mixture WF1 was obtained from preparative TLC as the white 

powder (29.0 mg, 0.09% yield of crude rice bran oil), melting point 138-139 °c. The 

structure of oryzanol mixture WF1 was elucidated by using spectroscopic techniques.

The IR spectrum of oryzanol mixture WF1 is shown in Appendix A Figure 

20 and the absorption peaks were assigned as Table 4.9. Its IR spectrum indicated 

important absorption band at 3439 cm'(O-H stretching), 1707 cm ’ (aliphatic ester c= 0  

stretching), 1661 cm '1 (C=C in aromatic ring) and 1561 cm’1 (C=C in unsaturated part).

The 1H-NMR spectrum (Figure 21 in Appendix A) of oryzanol mixture PF1 

possessed a hydroxyl proton of ferulate portion at 5.85 ppm, a methoxy proton of 

ferulate portion at 3.93 ppm and 3 aromatic protons of ferulate portion at 6.92, 7.04 and

7.07 ppm and protons of sterol portion at 0 - 2 ppm. The 'hl-NMR information of oryzanol 

mixture WF1 was listed in Table 4.10-4.11 comparison with 24-methylenecycloartanyl 

ferulate and cycloartenyl ferulate from the previous investigation. (Yasukawa et al., 

1998).

Molecular ion and major fragmented ions in the mass spectrum oryzanol 

each individual precursor ion, [M-H]", were listed in Table 4.12 (Appendix A Figure 22- 

29). Compare with the literatures, at least 7 components of oryzanol mixture WF1 were 

identified as 24-methylenecycloartanyl ferulate, cycloartenyl ferulate, cycloartenyl 

caffeate, campestanyl ferulate, sitosteryl and/or A ?-sitosteryl ferulate, campesteryl 

and/or A ?-campesteryl ferulate and 24-methylenecholesteryl ferulate (Akihisa et at., 

2000; Fang et al., 2003; Iwatsuki et al., 2003; Rogers et al., 1993; Xu and Godber, 1999; 

Yasukawa et al., 1998). The structures of these oryzanols are depicted in Figure 4.8.



Table 4.9 The IR absorption band assignment of oryzanol mixture WF1

Wavenumber (cm 1) Assignment

3439 O-H stretching

2923 aromatic C-H stretching

2850 hydrocarbon C-H stretching

1707 c=0 stretching in ester

1661 c=c stretching in aromatic ring

1561 c=c stretching

1421 -CH2 and -CH3 bending

1024 C-0 bending

653 C-H bending out of plane



91

Table 4.10 ’H-NMR spectral data of 24-methylenecycloartanyl ferulate from oryzanol

mixture WF1 and the literature in CDCI3

1 H-NMR chemical shifts (S/ppm, 400 MHz, CDCI3 )
H position Oryzanol mixture WF1 24-Methylenecycloartanyl

ferulate
3 4.69 (1H, m) 4.71 (1 H, m)

18 0.97 (3H, ร) 0.98 (3H, ร)

19 0.36 (d, J = 4.4 Hz, exo) 0.37 (d, J = 4.0 Hz, exo)

0.59 (d, J = 4.0 Hz, endo) 0.60 (d, J = 4.0 Hz, endo)

21 0.88 (3H, d, J = 6.0 Hz) 0.90 (3H, d, J = 5.5 Hz)

24 4.66 (brs) 4.67 (br ร)

4.72 (brs) 4.72 (br ร)

25 2.24 (1 H, sept, J = 6.8 Hz) 2.24 (1 H, sept, J = 7.0 Hz)

26 1.02 (3H, d, J = 6.4 Hz) 1.03 (3H, d, J = 6.6  Hz)

27 1.04 (3H, d, J =  7.0 Hz) 1.04 (3H, d, J = 7.0 Hz)

28 0.91 (3H, ร) 0.90 (3H, ร)

29 0.97 (3H, ร) 0.98 (3H, ร)

30 0.93 (3H, ร) 0.92 (3H, ร)

2 ’ 6.30 (1 H, d ,J  = 16.0 Hz) 6.30 (1 H, d, J =16.1 Hz)

3’ 7.60 (1 H, d ,J  = 16.0 Hz) 7.60 (1 H, d, J =  15.8 Hz)

5' 7.04 (1 H, d, J =  1.8 Hz) 7.04 (1 H, d, J =  1.8 Hz)

8 ’ 6.92 (1H, d, J = 8.4 Hz) 6.92 (1 H, d, J = 8.4 Hz)

9’ 7.07(1 H, dd, J =  1.6, 8.0 Hz) 7.08 (1 H, dd, J= 1 .8 , 8.4 Hz)

6 ’-OCH3 3.93 (3H, ร) 3.94 (3H, ร)

7-OH 5.85 (1 H, brs) 5.85 (1 H, brs)
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Table 4.11 1H-NMR spectral data of cycloartenyl ferulate from oryzanol mixture WF1

and the literature in CDCIj

H position
1 H-NMR chemical shifts (5/ppm, 400 MHz, CDCI3)

Oryzanol mixture WF1 Cycloartenyl ferulate
3 4.69 (1H, m) 4.71 (1H, m)

18 0.97 (3H, ร) 0.97 (3H, ร)

19 0.36 (d, J = 4.4 Hz, exo) 0.37 (d, J = 4.4 Hz, exo)

0.59 (d, J = 4.0 Hz, endo) 0.60 (d, J = 4.0 Hz, endo)

21 0.88 (3H, d, d = 6.0 Hz) 0.89 (3H, d, J = 6.2 Hz)

24 5.10 (1H, br t, J = 7.0 Hz) 5.11 (1H, brt, J =  7.0 Hz)

26 1.68 (3H, ร) 1.69 (3H, ร)

27 1.63 (3H, ร) 1.61 (3H, ร)

28 0.91 (3H, ร) 0.90 (3H, ร)

29 0.97 (3H, ร) 0.98 (3H, ร)

30 0.93 (3H, ร) 0.91 (3H, ร)

2 ’ 6.30 (1H, d, J =  16.0 Hz) 6.30 (1H ,d ,J  = 16.1 Hz)

3’ 7.60 (1 H, d ,J  = 16.0 Hz) 7.60 (1H, d, J =  15.8 Hz)

5' 7.04 (1H, d, J =  1.8 Hz) 7.04 (1H, d ,J  = 1.8 Hz)

8 ' 6.92 (1 H, d, J = 8.4 Hz) 6.92 (1H, d, J =  8.1 Hz)

9’ 7.07 (1 H, dd, J = 1.6, 8.0 Hz) 7.08 (1H, dd, J = 1.8, 8.1 Hz)

6 ’-OCH3 3.93 (3H, ร) 3.94 (3H, ร)

7’-OH 5.85 (1H, br ร) 5.85 (1 H, br ร)



Table 4.12 MS/MS data for oryzanols in oryzanol mixture WF1

Oryzanols M.w. Negative MS/MS spectra (ทา/z)

[M-H-CH3r

24-Methylenecholesteryl

ferulate

574 573 558

Campestery! and/or A7- 
campesteryl ferulate

576 575 560

Campestanyl ferulate 578 577 562

Cycloartenyl caffeate 588 587 572

Sitosteryl and/or A 7-sitosteryl 

ferulate

590 589 574

Cycloartenyl ferulate 602 601 586

24-Methylenecycloartanyl

ferulate

616 615 600
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24-Methylenecholesteryl

ferulate
Cycloartenyl caffeate and 

ferulate

Campesteryl ferulate A 7-Campesteryl ferulate

Campestanyl ferulate

24-Methylenecycloartanyl

ferulate

A 7-Sitosteryl ferulate

Figure 4.8 Oryzanol structures from Kao Dok Mali 105 rice bran



4.3.3 Identification of Individual Oryzanol from Sunpatong 1 Rice Bran 

4.3.3.1 Identification of Individual Oryzanol in Oryzanol Mixture SF1

Oryzanol mixture SF1 was obtained from preparative TLC as the yellow 

solid (17.2 mg, 0.05% yield of crude rice bran oil), melting point 101-102 °c. The 

structure of oryzanol mixture SF1 was elucidated by using spectroscopic techniques.

The IR spectrum of oryzanol mixture SF1 is shown in Appendix A Figure 

30 and the absorption peaks were assigned as Table 4.13. Its IR spectrum indicated 

important absorption band at 3429 cm 1(0-H stretching), 1704 cm 1 (aliphatic ester c= 0  

stretching), 1643 c m 1 (C=C in aromatic ring) and 1555 cm ’1 (C=C in unsaturated part).

The 'H-NMR spectrum (Figure 31 in Appendix A) of oryzanol mixture SF1 

possessed a hydroxyl proton of ferulate portion at 5.94 ppm, a methoxy proton of 

ferulate portion at 3.93 ppm and 3 aromatic protons of ferulate portion at 6.91, 7.04 and

7.08 ppm and protons of sterol portion at 0 - 2 ppm. The 'H-NMR information of oryzanol 

mixture SF1 was listed in Table 4.14-4.15 comparison with 24-methylenecycloartanyl 

ferulate and cycloartenyl ferulate from the previous investigation. (Yasukawa et al., 

1998).

Characterization of oryzanol from oryzanol mixture SF1 was undertaken 

by specteral MS/MS comparison with the literature data for the known oryzanol 

constituents (Appendix A Figure 32-37 and Table 4.16).

From all spectroscopic information, at least 5 components of oryzanol 

from oryzanol mixture SF1 were identified as 24-methylenecycloartanyl ferulate, 

cycloartenyl ferulate, campesteryl and/or A 7-campesteryl ferulate, sitosteryl and/or A7- 
sitosteryl ferulate and stigmastanyl ferulate (Akihisa et al., 2000; Fang et al., 2003; 

Iwatsuki et al., 2003; Rogers et al., 1993; Xu and Godber, 1999; Yasukawa et al., 1998). 

The structures of these oryzanols are depicted in Figure 4.9.

95



Table 4.13 The IR absorption band assignment of oryzanol mixture SF1

Wavenumber (cm'1) Assignment
3429 O-H stretching

2936 aromatic C-H stretching

2850 hydrocarbon C-H stretching

1704 c=0 stretching in ester

1643 c=c stretching in aromatic ring

1555 c=c stretching

1415 -CH2 and -CH3 bending

1021 C-0 bending

811 C-H bending out of plane
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Table 4.14 'H-NMR spectral data of 24-methylenecycloartanyl ferulate from oryzanol

mixture SF1 and the literature in CDCIj

1H-NMR chemical shifts (8/ppm, 400 MHz, CDCIj)
H position Oryzanol mixture SF1 24-Methylenecycloartanyl

ferulate
3 4.71 (1H, m) 4.71 (1H, m)

18 0.97 (3H, ร) 0.98 (3H, ร)

19 0.38 (d, J = 4.0 Hz, exo) 0.37 (d, J = 4.0 Hz, exo)

0.61 (d, J = 4.0 Hz, endo) 0.60 (d, J = 4.0 Hz, endo)

21 0.89 (3H, d, J = 6.2 Hz) 0.90 (3H, d, J = 5.5 Hz)

24 4.66 (br ร) 4.67 (br ร)

4.71 (br ร) 4.72 (br ร)

25 2.23 (1H, sept, J = 6.8 Hz) 2.24 (1 H, sept, J = 7.0 Hz)

26 1.03 (3H, d, J = 6.4 Hz) 1.03 (3H, d, J = 6.6  Hz)

27 1.04 (3H, d, J = 7.0 Hz) 1.04 (3H, d, J = 7.0 Hz)

28 0.89 (3H, ร) 0.90 (3H, ร)

29 0.97 (3H, ร) 0.98 (3H, ร)

30 0.92 (3H, ร) 0.92 (3H, ร)

2 ' 6.31 (1 H, d ,J  = 16.0 Hz) 6.30 (1 H, d, J =  16.1 Hz)

3’ 7.60 (1 H, d ,J  = 16.0 Hz) 7.60 (1H, d, J =  15.8 Hz)

5' 7.04 (1 H, d, J =  1.6 Hz) 7.04 (1H, d, J =  1.8 Hz)

8’ 6.91 (1 H, d, J = 8.0 Hz) 6.92 (1 H, d, J = 8.4 Hz)

9' 7.08 (1 H, dd, J = 1.6, 8.4 Hz) 7.08(1H,dd, J = 1.8, 8.4 Hz)

6 ’-OCH3 3.93 (3H, ร) 3.94 (3H, ร)

7’-OH 5.94 (1 H, br ร) 5.85 (1 H, br ร)
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Table 4.15 'H-NMR spectral data of cycloartenyl ferulate from oryzanol mixture SF1 and

the literature in CDCIj

H position
1 H-NMR chemical shifts (5/ppm, 400 MHz, CDCI3 )

Oryzanol mixture SF1 Cycloartenyl ferulate
3 4.71 (1H, m) 4.71 (1H, m)

18 0.97 (3H, ร) 0.97 (3H, ร)

19 0.38 (d, J = 4.0 Hz, exo) 0.37 (d, J = 4.4 Hz, exo)

0.61 (d, J = 4.0 Hz, endo) 0.60 (d, J = 4.0 Hz, endo)
21 0.89 (3H, d, J = 6.2 Hz) 0.89 (3H, d, J = 6.2 Hz)

24 5.11 (1H, br t, J = 7.0 Hz) 5.11 (1H, brt, J = 7.0 Hz)

26 1.69 (3H, ร) 1.69 (3H, ร)

27 1.61 (3H, ร) 1.61 (3H, ร)

28 0.89 (3H, ร) 0.90 (3H, ร)

29 0.97 (3H, ร) 0.98 (3H, ร)

30 0.92 (3H, ร) 0.91 (3H, ร)

2 ' 6.31 (1H, d, J = 16.0 Hz) 6.30 (1H ,d , J  = 16.1 Hz)

3’ 7.60 (1 H, d, J = 16.0 Hz) 7.60 (1H, d ,J  = 15.8 Hz)

5' 7.04 (1H, d, J =  1.6 Hz) 7.04 (1 H, d, J = 1.8 Hz)

8 ' 6.91 (1 H, d, J = 8.0 Hz) 6.92 (1 H, d, J = 8.1 Hz)

9' 7.08 (1 H, dd, J = 1.6, 8.4 Hz) 7.08 (1H, dd, J =  1.8, 8.1 Hz)

6 ’-OCH3 3.93 (3H, ร) 3.94 (3H, ร)

7’-OH 5.94 (1 H, br ร) 5.85 (1H, br ร)
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Table 4.16 MS/MS data for oryzanols in oryzanol mixture SF1

Oryzanols M.w. Negative MS/MS spectra {ทา/z)

[M-H]" [M-H-CHg]’ [M-H-2 CH3 ]"

Campesteryl and/or 

A ?-campesteryl ferulate

576 575 560

Sitosteryl and/or 

A 7-sitosteryl ferulate

590 589 574

Stigmastanyl ferulate 592 591 576 561

Cycloartenyl ferulate 602 601 586

24-Methylenecycloartanyl

ferulate

616 615 600



24-M ethy lenecyc loa rtany l

fe ru la te
C ycloartenyl feru la te

C am peste ry l fe ru la te A 7-Campesteryl ferulate

S itosteryl fe ru la te A 7-S itos te ry l fe ru la te

f ra n s -c a ffe a te

Figure 4 .9  O ryzanol s tructures from  S unpa tong  1 rice bran
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4.3.4 Identifica tion  o f Individual O ryzanol from  Go Ko C hai N at 1 R ice Bran 

4.3.4.1 Identifica tion  of Individual O ryzanol in O ryzanol M ixture  CF1

O ryzanol m ixture  C F 1 w as o b ta ined  from  c rys ta lliza tion  as the w hite  

crysta l (45.8 m g, 0.17% yie ld  o f c rud e  rice bran oil), m elting  po in t 174.5-175.0 °c. The 

s tructure  o f o ryzano l m ixture  C F 1 w as e lu c ida ted  by using  s p e c tro s c o p ic  te chn iqu es.

The IR sp ec trum  of oryzanol m ixture CF1 is show n in A ppend ix  A  F igure 

38 and the a bso rp tion  peaks w ere a ss ig ne d  as Table  4 .17. Its IR sp e c tru m  ind ica te d  

im portan t abso rp tion  ban d  at 3442 c m '( 0 - H  s tre tch ing ), 1668 c m 1 (C = C  in a rom atic  

ring) and 1558 c m ' 1 (C = C  in unsa tura ted  part).

The 1H -N M R  sp ectrum  (F igure 39 in A ppend ix  A ) o f o ryzano l m ixture 

CF1 posse ssed  a hydroxyl pro ton  o f fe ru la te  portion at 5 .86  ppm , a m ethoxy pro ton  o f 

fe ru la te  portion  at 3.94 ppm  and 3 a rom atic  p ro tons o f fe ru la te  portion  at 6.91, 7 .04  and

7.08 ppm  and  p ro tons o f stero l portion at 0 - 2 ppm . The 1H -N M R  in form ation  o f o ryzano l 

m ixture CF1 w as lis ted  in Table  4 .18-4 .19  com parison  w ith  24 -m e th y le ne cyc loa rtan y l 

fe ru la te  and  cyc loa rten y l fe ru la te  from  the p revious investiga tion . (Yasukaw a et al., 

1998).

ide n tifica tion  of 2 o ryzano l co m p on en ts , 2 4 -m e thy lenecyc loa rtany l 

fe ru la te  and  cyc loa rten y l fe ru late , w as perfo rm ed  by M S/M S co m p a riso n  w ith  the 

p rev ious ly  reports  (Append ix A  Figure 40-42  and  Tab le  4 .20; A k ih isa  et al., 2000; Fang 

et al., 2003; Iw atsuki et al., 2003; R ogers et al., 1993; Xu and  G o db er, 1999; Y asukaw a 

et al., 1998). The s truc tu res  o f these  oryzano ls are d e p ic te d  in F igure 4.10.
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Table 4.17 The IR absorption band assignment of oryzanol mixture CF1

W avenum ber (cm  ') A ss ignm en t

3442 (ว-แ  s tre tch ing

2954 arom atic  C-H s tre tch ing

2863 h yd roca rb on  C-H s tre tch ing

1668 c=c s tre tch ing  in a ro m a tic  ring

1558 c=c s tre tch ing

1418 -C H j and  -C H 3 b en d ing

1024 C -0  b e n d ing

808 C-H b e n d in g  out o f p lane
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Table 4.18 ’hl-NMR spectral data of 24-methylenecycloartanyl ferulate from oryzanol

mixture CF1 and the literature in CDCI3

H position
1 H-NMR chemical shifts (6 /ppm, 400 MHz, CDCI3 )

Oryzanol mixture CF1 24-Methylenecycloartanyl
ferulate

3 4.70 (1 H, m) 4.71 (1H, m)

18 0.97 (3H, ร) 0 .98 (3H, ร)

19 0.37 (d, J = 4.0 Hz, exo) 0 .37 (d, J = 4.0 Hz, exo)

0.60 (d, J = 4.0 Hz, endo) 0 .60 (d, J = 4.0 Hz, endo)

21 0.90 (3H, d, J = 5.2 Hz) 0 .90 (3H, d, J  -  5.5 Hz)

24 4.67 (b r ร) 4 .67  (b r ร)

4.71 (b r ร) 4 .72  (b r ร)

25 2.24 (1 H, sept, J = 7.6 Hz) 2.24 (1 H, sept, J = 7.0 Hz)

26 1.02 (3H, d, J = 6.8 Hz) 1.03 (3H, d, J = 6 .6 Hz)

27 1.03 (3H, d, J = 7.2 Hz) 1.04 (3H, d, J = 7 .0 Hz)

28 0.91 (3H, ร) 0 .90 (3H, ร)

29 0.97 (3H, ร) 0.98 (3H, ร)

30 0.91 (3H, ร) 0 .92 (3H, ร)

2 ' 6.30 (1 H, d , J =  16.0 Hz) 6.30 (1 H ,d , J =  16.1 Hz)

3 ’ 7 .59  (1H, d , J  = 16.0 Hz) 7.60 (1 H, d, J ะ= 15.8 Hz)

5 ’ 7.04 (1H, d , J  = 1.6 Hz) 7.04 (1H, d ,J  = 1.8 Hz)

8 ’ 6.91 (1 H, d, J = 8.0 Hz) 6 .92  (1H, d, J =  8.4 Hz)

9 ’ 7.08 (1 H, dd, J -  1.6, 8.0 Hz) 7.08 (1 H, dd , J -  1.8, 8.4 Hz)

6 ’-O C H 3 3.94 (3H, ร) 3.94 (3H, ร)

7-OH 5.86 (1 H, br ร) 5.85 (1 H, b r ร)
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Table 4.19 ’ iH-NMR spectral data of cycloartenyl ferulate from oryzanol mixture CF1 and

the literature in CDCIj

H position
'H-NMR chemical shifts (8 /ppm, 400 MHz, CDCI3)

Oryzanol mixture CF1 Cycloartenyl ferulate

3 4.70 (1H, m) 4.71 (1H, m)

18 0.97 (3H, ร) 0.97 (3H, ร)

19 0.37  (d, J = 4.0 Hz, exo) 0.37 (d, J = 4.4 Hz, exo)

0 .60 (d, J ะะ 4.0 Hz, endo) 0.60 (d, J =  4.0 Hz, endo)

21 0.90 (3H, d, J = 5.2 Hz) 0 .89  (3H, d, น/= 6.2 Hz)

24 5.10 (1H, br t, J  =  7.0 Hz) 5.11 (1 H, b r t ,  น/ะะ 7.0 Hz)

26 1.68 (3H, ร) 1.69 (3H, ร)

27 1.63 (3H, ร) 1.61 (3H, ร)

28 0.91 (3H, ร) 0 .90  (3H, ร)

29 0.97 (3H, ร) 0 .98  (3H, ร)

30 0.91 (3H, ร) 0.91 (3H, ร)

2 ' 6 .30 (1 H, d, น/ะะ 16.0 Hz) 6 .30  (1H, d ,J  = 16.1 Hz)

3' 7 .59 (1 H, d, น/ะะ 16.0 Hz) 7.60 (1 H ,d , น/ะะ 15.8 Hz)

5' 7.04 (1 H, d ,J  = 1.6 Hz) 7.04 (1 H, d, d = 1.8 Hz)

8 ' 6.91 (1 H, d, J = 8.0 Hz) 6.92 (1 H, d, น/ะะ 8.1 Hz)

9' 7.08 (1H, dd, J = 1.6, 8.0 Hz) 7.08 (1 H, dd , J = 1.8, 8.1 Hz)

6 '-O C H 3 3.94 (3H, ร) 3.94 (3H, ร)

7’-OH 5.86 (1 H, br ร) 5.85 (1 H, b r ร)
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Table 4.20 MS/MS data for oryzanols in oryzanol mixture CF1

O ryzanols M .w . N egative  M S /M S  spectra  (ทา/z)

[M -H ]" [M -H -C H 3] '

C ycloartenyl fe ru la te 602 601 586

2 4-M e thy lenecyc loa rtany l 616 615 600

feru late

C ycloarteny l feru la te

Figure 4 .10 Oryzanol structures from Go Ko Chai Nat 1 rice bran
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O ryzanol co nstituen ts  o f various rice  bran, P athum thani 1, Kao Dok Mali, 

S unpa tong  1 and Go Ko Chai Nat 1 w ere  investiga ted  in th is s tu dy . Results from  1H- 

NMR sp ectra  p ro v id ing  add itiona l e v idence  for o ryzano l co m p o s itio n s  rep resen ted  

e xp e c te d  fe ru la te  resonance. 24-M ethy lenecyc loartany l fe ru la te  and  cyc loa rteny l 

fe ru late , p ossessed  the sharp  s igna ls  in 'h l-N M R  spectra , w ere  fo un d  in all varieties. 

This fin d ing  con firm ed  tha t these tw o steryl fe ru la tes are the  m ajor co m p on en ts  of 

o ryzano l in rice bran (Evershed et ai., 1988; N orton, 1995; R oger et al., 1993; Xu and 

G odber, 1999).

To confirm  the p resen t o f co nstituen ts  of o ryzano l in rice  bran as 

ind ica te d  by IR and  'H -N M R , the oryzanol s truc tures w ere  m ostly co n s tru c te d  on the 

basis o f the in form ation  from  MS/MS, at least 11 co m p on en ts  o f o ryzano l ide n tifie d  in this 

s tudy. The MS/MS te chn iqu e  is very useful fo r identifica tion  o f o ryzano l co m p on en ts  

from  the m ixture, s ince  it requ ired  less tim e consum ing  to ch a ra c te rize  the sam p le  w ith  

h igh sensitiv ity. On the  o ther hand, identifica tion  o f novel or all o ryzano l co m p on en ts  in 

sam p le  w as lim ited. MS/MS a lone m ay not be used  fo r q uan tita tive  m ethod; MS/MS 

c o u p le d  w ith ch ro m a to g rap hy , e .g., HPLC m ight be the be tte r m ethod  to investiga te  

oryzano l m ixture. Fang and co lle ag ue s  (2003) success fu lly  c h a ra c te rize d  24 oryzanol 

co m p on en ts  in rice  bran using LC-M S/M S. A lso, som e oryzano l co m p o n e n ts  posse ssed  

the sam e m o lecu la r w e ig h t can not be identified  in th is s tudy. For exam ple , m olecu lar 

ion at m/z 589 w as poss ib ly  y ie ld ed  from  sitostery l a n d /o r A 7-s itostery l fe ru late . 

M oreover, som e stero ls, i.e ., cyc loarteno l, c itros tad ieno l, cyc lo e u ca le n o l, also 

p ossessed  the sam e m olecu lar w e ig h t (Akihisa et ai-, 2000). A s cyc loa rten y l fe ru la te  

w as one o f the m ajor co m p on en ts  oryzanol in rice bran oil and  cyc lo a rte n y l ca ffea te  w as 

p rev ious ly  reported  (Fang et al., 2003; Iwatsuki et al., 2003; R ogers  et al., 1993; Xu and 

G odber, 1999), on ly cyc loa rten o l w as p roposed  in th is s tudy. These data  dem onstra te  

the need fo r a p p ro p ria te  ana lytica l m ethods to d iffe ren tia te  the ind iv idua l co ns titu en t of 

oryzanol.

The conventiona l m ethods fo r ana lys is  of o ryzano l co n te n t in rice  bran 

are ca rrie d  out by two p ro ced ures : separa tion  by m ultip le  c h ro m a to g ra p h ic  s teps and 

identifica tion  o f ind iv id ua l oryzanol co m p on en t by positive  ch e m ica l ion ization- m ass 

sp ec trom e try  (C I-M S) and NMR or analysis of TMS deriva tives by gas ch ro m a to g ra p h y-
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e lectron  im p a c t m ass sp e c tro m e try  (GC-EI-M S) a fter sapo n ifica tio n  o f o ryzano l (Akihisa 

et al., 2000; D iack and  Saska, 1994; R ogers et at., 1993; Xu and  G o db er, 1999; 

Yasukaw a et al., 1998); and  d ire c t analysis o f oryzanol cons tituen ts  by reverse-phase  

LC-M S/M S (Fang et al., 2003) and norm al phase LC-G C /M S (M ille r et al., 2003). The 

advan tages o f reverse- over norm a l-phase  system s for se pa ra ting  co m p le x  m ixtures are 

und isp u tab le , q u ic k  co lum n equ ilib ra tion  and bette r re p ro d u c ib ility  are usua lly  ob ta ined; 

how ever, it has been proven that norm a l-phase  ch ro m a to g ra p h y  on s ilica  presents 

be tte r se lectiv ity  fo r fa t-so lub le  vitam ins and oryzanol (D ia ck  and  Saska, 1994). 

A na ly tica l p rec is ion  and  sensitiv ity  of the va rious te chn iqu es  fo r stero l assays seem s to 

fo llow  the o rd e r gas ch ro m a to g ra p h y>  h ig h -p e rfo rm an ce  liqu id  ch ro m a to g ra p h y>  

su pe rcritica l flu id  c h ro m a to g ra p h y>  ca p illa ry  e le c troch ro m ato g ra ph y . The sensitiv ity  

o rd e r m ay va ry  d e p e n d in g  on sterol structures, e.g. flu o resce n t labels, and  d e te c to rs  

e m p loyed  (A b id i, 2004).

4.3.5 Identification o f s tandard  oryzanol

The IR sp ec trum  o f s tandard  oryzanol is a lso  show n เท A ppendix A  

F igure 43 and  the a bso rp tion  peaks w ere  a ss igned  as Tab le  4.21. Its IR spec trum  

ind ica te d  im p orta n t a bso rp tion  band  at 3433 cm  '(O -H  s tre tch ing ), 1683 c m ' (a liphatic  

ester c= 0  stre tch ing ), 1637 cm  ' (C =C  เท a rom atic  ring) and  1567 cm  ' (C = C  in 

unsa tura ted  part).

The 1H -NM R sp ectrum  (Figure 44 in A ppend ix  A) o f s ta nd a rd  oryzanol 

p ossessed  a hydroxy l pro ton  o f feru late  portion at 5.93 ppm , a m ethoxy pro ton  o f 

fe ru la te  portion  at 3.93 ppm  and  3 arom atic  p ro tons o f fe ru la te  portion  at 6 .91, 7.04 and

7.07 ppm  and  p ro tons o f stero l portion at 0 - 2 ppm . The 1H -N M R  in form ation  o f 

s ta nd a rd  o ryzano l was listed in Table 4 .22-4 .25  co m p arison  w ith 24- 

m e thy lenecyc loartany l feru late , cyc loarteny l feru late, s itosteryl fe ru la te  and  cam p este ry l 

fe ru la te  from  the prev ious investiga tion . (Yasukawa et al., 1998). It w as  assum ed  that 

th is s ta nd a rd  o ryzano l con ta ins  24-m e thy lenecyc loa rtany l fe ru la te , cyc loa rten y l feru late , 

sitosteryl fe ru la te  and  cam peste ry l ferulate.
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Table 4.21 The IR absorption band assignment of standard oryzanol

Wavenumber (cm 1) Assignment
3433 O-H stre tch ing

2951 arom atic  C-H s tre tch ing

2863 h yd roca rbon  C-H s tre tch in g

1683 c=0 s tre tch ing  in ester

1637 c=c s tre tch ing  in a rom atic  ring

1567 c=c stre tch ing

1418 -C H 2 and -C H 3 b en d ing

1027 C -0  b en d ing

802 C-H b e n d ing  out o f p lane
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Table 4.22 'iH-NMR spectral data of 24-methylenecycloartanyl ferulate from standard

oryzanol and the literature in CDCIj

1 H-NMR chemical shifts (5/ppm, 400 MHz, CDCIj)
H position Standard oryzanol 24-Methylenecycloartanyl

ferulate
3 4.71 (1 H, m) 4.71 (1H, m)

18 0.97 (3H, ร) 0 .98 (3H, ร)

19 0.36  (d, 9 = 4.4 Hz, exo) 0 .37  (d, 9 = 4.0 Hz, exo)

0 .59  (d, 9 = 4.0 Hz, endo) 0 .60 (d, 9 = 4.0 Hz, endo)

21 0.88 (3 H ,d , 9 = 6.0 Hz) 0.90 (3H, d, 9 =  5.5 Hz)

24 4.66 (b r ร) 4 .67  (b r ร)

4.71 (b r ร) 4 .72  (b r ร)

25 2.23 (1H, sept, 9 =  6.8 Hz) 2.24 (1 H, sept, 9 = 7.0 Hz)

26 1.02 (3H, d, 9 = 6.8 Hz) 1.03 (3H, d, 9 = 6.6 Hz)

27 1.03 (3H, d, 9 = 6.8 Hz) 1.04 (3H, d, 9 = 7.0 Hz)

28 0.91 (3H, ร) 0 .90 (3H, ร)

29 0.97 (3H, ร) 0 .98 (3H, ร)

30 0.93  (3H, ร) 0.92 (3H, ร)

2 ’ 6.30 (1 H, d, 9 =  16.0 Hz) 6 .30 (1 H, d, 9 =  16.1 Hz)

3 ’ 7 .59  (1 H, d, 9 = 16.0 Hz) 7 .60 (1 H, d, 9 =  15.8 Hz)

5 ’ 7.04 (1 H, d, 9 = 1.6 Hz) 7.04 (1 H, d, 9 =  1.8 Hz)

8 ’ 6.91 (1H, d, 9 = 8.0 Hz) 6.92 (1 H, d, 9 = 8.4 Hz)

9 ’ 7.07 (1 H, dd , 9 =  1.6, 8.0 Hz) 7.08 (1 H, d d , 9 = 1.8, 8.4 Hz)

6 ’-O C H 3 3.93 (3H, ร) 3.94 (3H, ร)

7 ’-OH 5.93 (1 H, br ร) 5.85 (1H, br ร)
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Table 4.23 'แ -NMR spectral data of cycloartenyl ferulate from standard oryzanol and

the literature in CDCIj

H position
1 H-NMR chemical shifts (6 /ppm, 400 MHz, CDCIj)

Standard oryzanol Cycloartenyl ferulate
3 4.71 (1H, m) 4.71 (1 H, m)

18 0.97 (3H, ร) 0.97 (3H, ร)

19 0 .36  (d, J = 4.4 Hz, exo) 0.37 (d, J = 4.4 Hz, exo)

0 .59  (d, J = 4.0 Hz, endo) 0 .60  (d, J = 4.0 Hz, endo)

21 0.88 (3H, d, J = 6.0 Hz) 0.89 (3H, d, J  = 6.2 Hz)

24 5.10 (1H, b r t, J  =  6.8 Hz) 5.11 (1 H, b r t ,  J = 7 .0 Hz)

26 1.70 (3H, ร) 1.69 (3H, ร)

27 1.60 (3H, ร) 1.61 (3H, ร)

28 0.91 (3H, ร) 0.90 (3H, ร)

29 0.97 (3H, ร) 0.98 (3H, ร)

30 0.93 (3H, ร) 0.91 (3H, ร)

2 ’ 6 .30  (1H, d, J =  16.0 Hz) 6 .30  (1 H ,d , J =  16.1 Hz)

3 ’ 7 .59  (1 H ,d , J =  16.0 Hz) 7 .60 (1H, d, J  = 15.8 Hz)

5' 7.04 (1 H, d, J =  1.6 Hz) 7.04 (1 H, d, J =  1.8 Hz)

8 ’ 6.91 (1 H, d, J  = 8.0 Hz) 6 .92 (1 H, d, J  =  8.1 Hz)

9' 7.07 (1H, dd, J = 1.6, 8.0 Hz) 7.08 (1 H, dd , J =  1.8, 8.1 Hz)

6 ’-O C H 3 3.93 (3H, ร) 3.94 (3H, ร)

7 -O H 5.93 (1 H, br ร) 5.85 (1 H, b r ร)
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Table 4.24 1H-NMR spectral data of sitosteryl ferulate from standard oryzanol and the

literature in CDCIj

H position 1H-NMR chemical shifts (8/ppm, 400 MHz, CDCIj)
Standard oryzanol Sitosteryl ferulate

3 4.71 (1H, m) 4 .75  (1H, m)

4 2.38 (b r ร) 2 .39  (b r ร)

2.40 (b r ร) 2.41 (b r ร)

6 5.40 (1 H, m) 5.41 (1H, m)

18 0.68 (3H, ร) 0 .69  (3H, ร)

19 1.04 (3H, ร) 1.05 (3H, ร)

21 0.88  (3H, 6. J = 6.0 Hz) 0 .89 (3H, d, J = 6.2 Hz)

24 0.84 (3H, t, J = 6.8 Hz) 0 .85  (3H, t, J =  7.0 Hz)

26 0.78  (3H, d, J  = 7.6 Hz) 0.82 (3H, d, J  =  7.6 Hz)

27 0.80  (3H, d, J = 7.2 Hz) 0.84 (3 H ,d , 9 = 7.0 Hz)

2 ’ 6 .30  (1 H ,d , J = 16.0 Hz) 6.30 (1H, d, J =  16.1 Hz)

3 ’ 7.59 (1H, d, J =  16.0 Hz) 7 .60 (1H, d, J =  15.8 Hz)

5 ’ 7.04 (1 H ,d , J =  1.6 Hz) 7.04 (1 H ,d , J =  1.8 Hz)

8 ' 6.91 (1H, d, J  = 8.0 Hz) 6 .92  (1 H, d, J =  8.1 Hz)

9' 7.07 (1 H, dd , J = 1.6, 8.0 Hz) 7.08 (1 H, d d , J = 1.8, 8.1 Hz)

6 ’-O C H 3 3.93 (3H, ร) 3.94 (3H, ร)

7 -O H 5.93 (1 H, b r ร) 5 .85  (1 H, br ร)
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Table 4.25 ’H-NMR spectral data of campesteryl ferulate from standard oryzanol and

the literature in CDCI3

1H-NMR chemical shifts (5/ppm, 400 MHz, CDCI3)
1 1 p u o i  11 Wl 1

Standard oryzanol Campesteryl ferulate

3 4.71 (1H, m) 4.71 (1 H, m)

4 2.38 (br ร) 2 .39 (b r ร)

2.40 (br ร) 2.41 (b r ร)

6 5.40 (1H, m) 5.41 (1 H, m)

18 0.68 (3H, ร) 0 .69  (3H, ร)

19 1.04 (3H, ร) 1.05 (3H, ร)

21 0.88  (3H, d, J =  6.0 Hz) 0 .89  (3H, d, J = 6 .2 Hz)

24 0.77  (3H, t, J = 6.4 Hz) 0 .78  (3H, d, J  = 6.6 Hz)

26 0.84 (3H, d, J = 6.8 Hz) 0 .85  (3H, d, J = 6.2 Hz)

27 0.82  (3H, d, J = 6.4 Hz) 0.81 (3H, d, J ะ= 6.8 Hz)

2 ' 6 .30 (1 H, d , J  = 16.0 Hz) 6.30 (1H, d , J  = 16.1 Hz)

3' 7 .59  (1 H ,d , J=  16.0 Hz) 7.60 ( 1H , d  1 J = 15.8 Hz)

5' 7.04 (1H, d, J =  1.6 Hz) 7.04 (1 H ,d , J =  1.8 Hz)

8 ' 6.91 (1H, d, J = 8.0 Hz) 6 .92 (1 H, d, J = 8.1 Hz)

9' 7 .07 (1 H, dd , J = 1.6, 8.0 Hz) 7.08 (1 H, dd , J = 1.8, 8.1 Hz)

6 ’-O C H 3 3.93 (3H, ร) 3.94 (3H, ร)

7 '-O H 5.93 (1 H, br ร) 5.85 (1 H, b r ร)
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4.4 Antioxidant Activity of Oryzanol Mixture on DPPH Radicals

DPPH radicals are commonly used for assessment of antioxidant activity in vitro 

and are foreign to biological systems. It is generally accepted that antioxidant ability of 

chemical substances on free radical scavenging inhibits lipid oxidation. DPPH assay is 

one of the short methods for investigation of the hydrogen donating potency (Blois, 1958; 

Brand-Willams et al., 1995; Kikuzaki et al., 2002).

Scavenging ability of all tested compounds, i.e., standard oryzanol, a-tocopherol 

(positive control), oryzanol mixture PF1, PF2, WF1, SF1, and CF1, increased with 

concentration in the range of 0-200 |xg/ml (data shown in Appendix B). The reason for 

using various concentrations of an antioxidant is that, although a positive dose-response 

relationship usually is present; such relationships may be different for various 

antioxidants. Examining the dose-response relationships is important so the optimal 

antioxidant concentration can be determined. เท this study, activity of standard oryzanol 

and all oryzanol mixtures increased gradually with an increase in concentration, while ci- 

tocopherol activity increased sharply with an initial increase in concentration and tended 

to level off at higher concentration.

The concentration required to cause a 50% inhibition (IC50) for each sample was 

shown in Table 4.26, which was expressed as micrograms/milliliter, pg/ml. Each value is 

the mean of triplicate measurements. Most of oryzanol mixtures performed IC50 about 

25-40 pg/ml and there were slight different activities among tested rice varieties. All the 

rice varieties exhibited appreciable scavenging activity against DPPH radicals.

The antioxidant activity decreased in the order of a-tocopherol >  oryzanol 

mixture SF1 >  standard oryzanol >  oryzanol mixture CF1 >  oryzanol mixture PF1 >  

oryzanol mixture WF1 >  oryzanol mixture PF2. As described above, the oryzanol mixture 

extracted from Sunpatong 1 rice bran (oryzanol mixture SF1) possessed the highest 

antioxidant activity among all rice varieties. The key difference that could be thought to 

make a difference เท the antioxidant activity is the sterol composition. The extracted 

steryl ferulates from each rice cultivar are comprised of numerous sterols with similar 

constituents but different เท content of each oryzanol composition. Moreover, we also 

found significant antioxidative differences within rice cultivar, Pathumthani 1, which may 

causes by differences in oryzanol components.
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Over the past decade, there were ล number of well-established antioxidant 

activities of oryzanol in several models. Campesteryl ferulate was shown to inhibit 

linoleic acid oxidation caused by u v  irradiation (Yagi and Ohishi, 1979). Xu and co

workers studied the antioxidative properties of rice bran oryzanol components and 

showed that cycloartenyl, 24-methylenecycloartanyl and campesteryl ferulate inhibited 

cholesterol oxidation induced by 2,2’-azobis-(2-methylpropanimidamide)- 

dihydrochloride (AAPH) even more than vitamin E components that are well-known for 

their antioxidant properties (Xu et al., 2001). Further, another study of the same authors, 

oryzanol (the same compositions) was shown to inhibit also linoleic acid oxidation (Xu 

and Godber, 2001). Oryzanol also inhibited cholesterol autoxidation in an aqueous 

model system (Kim et al., 2001). Oryzanol components, namely, cycloartenyl ferulate 

and 24-methylenecycloartanyl ferulate, were shown to act as antioxidants in methyl 

linoleate bulk and multiphase lipid systems and as radical scavengers (Kikuzaki et al., 

2002). Cycloartenyl and 24-methylenecycloartany ferulate scavenged 21.8 and 20.4 % 

DPPH radical, respectively. Antioxidant activity of oryzanol mixture was also undertaken 

in that study; oryzanol mixture scavenged about 21.2 % DPPH radical. However, we did 

not compare our results with that information because it was performed in different 

condition. Kikuzaki and co-workers (2002) investigated DPPH assay with 100 |iM DPPH 

ethanolic solution and 20 |.iM of tested compounds incubated at 25 °c, whereas our 

condition was undertaken at 200 |iM DPPH solution, 0-332 |.iM of oryzanol mixture and 

37 °c incubation.

Additionally, oryzanol extracts from wheat and rye bran were also studies for 

their capability to inhibit hydroperoxide formation in bulk methyl linoleate and methyl 

linoleate emulsion and to scavenge DPPH radical (Nystrôm et al., 2005). Nonrice cereal 

extracts of oryzanols, sitosteryl and cholesteryl ferulats, exhibited good antioxidant 

activity even more than rice oryzanol, especially in the bulk lipid system. The sterol 

portion in these cereals is principally desmethylsterols that have no methyl groups. 

Similar result was seen in the study by Wang et al. (2002), in which sitostanyl ferulate 

was a more effective antioxidant than oryzanol. However, this is in contrast with the 

study of Xu et al. (2001) who demonstrated that in an accelerated diphase system 24- 

methylenecycloartenyl ferulate (dimethylsterol) was a better antioxidant than
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campesteryl ferulate desmethylsterol). It may be possible that the ring structure of 4,4’- 

dimethylsterols and 4-desmethylsterols affects, for example, the solubility of the 

compound in a way that the desmethylsteryl ferulates are better antioxidants in nonpolar 

environments, whereas dimethylsterols are more active in diphasic systems.

An antioxidative function of oryzanol has been previously reported (Kikuzaki et 

al., 2002; Kim et al., 2001; Nystrôm et al., 2005; Okada and Yamaguchi, 1983; Wang et 

al., 2002; Xu et al., 2001; Xu and Godber, 2001). Since radical scavenging activity was 

similar to that of nonesterified ferulic acid, it has been suggested that the phenolic 

hydroxyl group in the ferulate esters of oryzanol might be responsible for its antioxidative 

function. Actually, Ferulic acid was a slightly more active than Its sterol esters (Kikuzaki 

et at., 2002; Kim et al.. 2001; Nystrôm et al., 2005; Wang et al., 2002). On the other hand, 

polar compounds such as ferulic acid have a limited solubility in very nonpolar lipid 

matrix. Kikuzaki and colleagues (2002) indicated that oryzanol had better affinity to the 

hydrophobic phase than ferulic acid. Therefore, it is necessary to study antioxidant 

capability of a compound in different surrounding environments. Generally, phenolic 

antioxidants inhibit lipid oxidation by trapping the peroxy radical to yield the 

hydroperoxide there by preventing the peroxy radical from reacting to produce a lipid 

radical and propagate a free-radical chain reaction.

Our results indicated that oryzanol mixtures from various cultivars are poorer 

antioxidants than a-tocopherol เท DPPH assay, as about 2-fold concentration is needed 

to accomplish equal activity, these results were confirmed the findings in previous 

studies (Kikuzaki et al., 2002; Nystrôm et al., 2005). The fact that the antioxidant activity 

of steryl ferulates from cereals was less than that of tocopherol does not however reduce 

their importance as natural antioxidants and health-promoting compounds because the 

content of steryl ferulates in rice and wheat bran is over 10-fold the content of 

tocopherols (Nicolosi et a i,  1994; Plironen et al., 1986; Xu et al., 2001). Although, a 

significant quantity of vitamin E (tocopherol) and oryzanol was estimated from five rice 

varieties in Pakistan, indicating that oryzanol contents were over 2 times higher than that 

of tocopherol and these contents varied substantially according of the origin of rice bran 

(Iqbat et a i, 2005).
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T a b le  4 .2 6  Antioxidative efficiency of the oryzanol mixture

Oryzanol Fraction IC50 (ng/ml)

Standard oryzanol 33.58

Oryzanol mixture PF1 35.07

Oryzanol mixture PF2 59.78

Oryzanol mixture WF1 40.12

Oryzanol mixture SF2 25.00

Oryzanol mixture CF1 33.88

a-Tocopherol 11.66
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Future studies should focus on developing appropriate technique for 

investigating the constituents of oryzanol in rice bran oil for commercial purpose. 

Characterization and quantification of oryzanol should be performed in other Thai rice 

varieties and other cereals.
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