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ABSTRACT: Addi t ion of water at levels of 0.25 to 1.00% 
(wt/vol) to raw peanut oil inhibited the formation of peroxides 
in the oil. The free fatty acid content of oils to which water had 
been added also did not increase appreciably compared to a 
control oil. To improve the stability of the oil, a moisture con- 
tent of 0.2%, which is about ten times higher than the Brunauer- 
Emmett-Teller monomolecular moisture content of the oil, has 
been suggested. 
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We reported earlier (1,2) that the rate of peroxide develop- 
ment in expeller-pressed peanut oil (PNO) decreased with rel- 
ative humidity (RH -- aw x 100), whereas in degummed oil 
the rate increased with RH (aw) values. However, the free 
fatty acid content of the oil remained similar during storage 
at different RH (aw) values. Subsequently, it was found that 
native gums acted as powerful antioxidants when they were 
humidified to 91% RH (aw = 0.91) (3). Generally, equilibrat- 
ing the oil to a high humidity is a cumbersome and time-con- 
suming process from the commercial application point of 
view. Therefore, instead of humidification of the oil to 91% 
RH (aw = 0.91), addition of the required quantity of water to 
raw PNO has been attempted for commercial application, the 
results of which are given in this paper, 

MATERIALS AND METHODS 

Materials. Expeller-pressed PNO (raw PNO) was purchased 
from the local market. Its chemical characteristics are re- 
ported in Table 1, and the procedures used for the determina- 
tion of color (1), density (1), viscosity (4), iodine value (1), 
free fatty acids (l), peroxide value (1), phospholipids content 
(1), fatty acid composition (1), total tocopberols (3), iron and 
copper contents (3), moisture content (5), and sensory prop- 
erty evaluation (1) have been described previously. 

To determine the equilibrium moisture content (EMC) of 
raw PNO stored at different RH (aw), the oil samples were 
placed (in duplicate) in desiccators maintained at 22, 50, 67, 
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TABLE 1 
Chemical Characteristics of Raw Peanut Oil 
Parameter Unit of measurement Value 

Lovibond color 5R + Y units 5.0 
Density mL 0.9145 
Viscosity milli Poise 418 
Iodine value (Wijs) g Iodine absorbed/100 g oil 100.0 
Free fatty acids as % oleic 0.9 
Peroxide value meq O2/kg oiJ 1.2 
Phospholipids content g% 0.2 
Total tocopheroIs mg% 25.0 
Iron ppm <0.05 
Copper ppm <0.05 
Fatty acid composition relative % 

C16:0 1 7.0 
C]8:0 1.8 
Ct8:] 46.0 
C18:2 30.8 
C20:0 3.1 
C24:0 1.3 

and 91% RH (0.22, 0.50, 0.67, and 0.91 aw, respectively) by 
using saturated salt solutions (6), and the samples were 
weighed once each 24 h until they attained constant weight 
(within ten days all samples were equilibrated). The percent 
increase in weight of a sample was calculated by using the 
formula: (equilibrated oil weight-  initial dry weight) x 100/dry 
weight of the sample, which is the EMC of the oil. From this 
EMC value, the Brunauer-Emmett-Teller (BET) monomolec- 
ular moisture content was calculated graphically by follow- 
ing the methods described by Wink (7) and Salwin (8). 

To study the effect of added water on autoxidation of the 
oil, raw PNO was dried over fused calcium chloride under 
vacuum for 24 h at 27°C. The dried oil (100 mL) was placed 
in 250-mL Erlenmeyer flasks. Distilled water at different lev- 
els (0.00, 0.25, 0.50, 0.75, and 1.00 g, five treatments in du- 
plicate) was added to the oil and mixed well on a magnetic 
stirrer for 10 min. Then the flasks were stoppered and stored 
in an incubator (in the dark) at 40°C. Periodically, the sam- 
ples were withdrawn for peroxide value determination (9). 

RESULTS AND DISCUSSION 

The raw PNO stored at 22 and 50% RH did not pick up any 
moisture but lost 0.09 and 0.04% moisture, respectively. The 
initial moisture content of the oil was 0.09%, and at 67 and 
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91% RH it picked up 0.06 and 0.16%, respectively. This indi- 
cated that only at 91% RH there was a substantial pick up of 
moisture. Therefore, incorporation of water directly into the 
oil to the extent of 0.25% (the desired level) was tried instead 
of equilibrating the oil to 91% RH. 

Effect o f  added water to raw PNO on peroxide develop- 

ment. The EMC of the oil stored over 91% RH was found to 
be 0.25% (0.247 -+ 0.010%). This was 11.5 times the esti- 
mated BET monomolecular moisture value of 0.022%. Yet, 
contrary to the known behavior of model lipid systems 
(10,11) and refined vegetable oils (3,12), the raw oil in the 
present study, as well as in earlier studies (1), oxidized slowly 
at 91% RH. The refined PNO and degummed raw PNO did 
not pick up any moisture when stored over 91% RH (0.91 aw) 
(Verma, M.M., and J.V. Prabhakar, unpublished data). There- 
fore, it was inferred that the constituents of gums (mainly 
phospholipids), which can take up 23 moles of water per gram 
of the lipid (13), were mainly responsible for the high EMC 
of the oil. The expeller-pressed oil had a total phospholipids 
content of 0.2%. This means that the phospholipids in the oil 
alone could take up 0.11 g of water per 100 g oil theoretically 
(assuming phosphatidylcholine as the phospholipid). The re- 
sults of the present study show that phospholipids in their nat- 
ural state in raw oil may have taken up more moisture than 
expected. The reason for this is not known. However, it may 
be argued that the hydration behavior and antioxidant prop- 
erty of purified phospholipids might be different from their 
behavior in the natural state when present in the oil. Differ- 
ences in the antioxidant activity of purified phospholipids and 
the phospholipids in their natural state in the oil have been 
observed before (3). 

While equilibration of the expeller-pressed oil to 91% RH 
(0.91 aw) (EMC -- 0.25%) was effective in retarding autoxi- 
dation, higher levels of added water from 0.25% up to 1.0% 
in the oil did not exhibit increases in peroxide values with in- 
creasing storage periods over a period of 15 wk (Table 2). 

TABLE 2 
Effect of Addition of Water on Autoxidation Stability of Raw Peanut Oil 

Storage period (wk) 

0 5 10 15 

Sample PV a FFA b PV FFA PV FFA PV FFA 

1. Raw peanut oil 

(moisture-free) 1.2 0.70 10.0 0.70 29.0 0.75 49.0 0.85 

2. Oil 1 + 0.25% 

water 1.2 0.74 1.2 0.78 1.2 0.81 1.2 0.85 

3. Oil 1 + 0.50% 

water 1.2 0.73 1.2 0.76 1.2 0.81 1.2 0.85 

4. Oil 1 + 0.75% 

water 1.2 0.74 1.2 0.78 1.2 0.80 1.2 0.85 

5. Oil 1 + 1.00% 

water 1.2 0.74 1.2 0.78 1.2 0.83 1.2 0.86 

apv = Peroxide value expressed as milii equiv. O2/kg oil. 

bFFA = Free fatty acids (as % oleic). 

TABLE 3 
Effect of Addition of Water on Smell and Appearance of Raw Peanut Oil 

Appearance 
Smell of the oil after 15 wk 

Sample a after 0 wk after 15 wk (visual) 

1 Fresh Rancid Clear 
2 Fresh Fresh with a Hazy 

slight boiled-milk 
smell 

3 F r e s h  Objectionable Cloudy 
smell 

4 F r e s h  ObjectionabIe Cloudy 
smell 

5 F r e s h  Objectionable Cloudy 
smell 

aSame as in Table 2. 

However, only the sample treated with 0.25% moisture had a 
slight aroma, similar to boiled milk, and a little cloudy ap- 
pearance (comparable to fresh raw oil). The remaining sam- 
ples with 0.50, 0.75, and 1.0% water treatment had an unac- 
ceptable and objectionable smell (Table 3), although the per- 
oxide values were similar to 0.25% water-treated oil (Table 
2). The control oil (moisture-free oil) was distinctly rancid by 
the end of 15 wk and had a 40-fold increase in peroxides but 
similar free fatty acid content. Hence, the study indicated that 
addition of water from 0.15% [EMC at 67% RH (0.67 aw)] 
up to 0.25% [EMC at 91% RH, (0.91 aw)] reduced the rate of 
autoxidation in the oil. Therefore, raw PNO is expected to 
have maximum storage stability at about 0.20 -+ 0.05% water 
content. Based on this study, it is suggested that expeller- 
pressed PNO with 0.2% moisture could have a better shelf- 
life compared to a completely dry oil (moisture-free oil). 

The list of permitted synthetic antioxidants is shrinking 
day by day due to their suspected health hazards and the 
growing desire of the public to use only natural substances in 
foods. The use of natural substances, such as water and phos- 
pholipids, therefore, is believed to bring a new dimension to 
the field of natural antioxidants applications in foods. 

A C K N O W L E D G M E N T  

The authors express their thanks to Dr. V. Prakash, Director, CFTRI, 
Mysore, India for encouragement during the course of this investi- 
gation. 

REFERENCES 

1. Oopala Krishna, A.G., and J.V. Prabhakar, J. Am, Oil Chem. 
Soc. 60:968 (1983). 

2. Gopala Krishna, A.G., and J.V. Prabhakar, Ibid. 62:1581 (1985). 
3. Gopala Krishna, A.G., and J.V. Prabhakar, Ibid. 71:1245 (1994). 
4. Gopala Krishna, A.G., Ibid. 70:895 (1993). 
5. Anonymous, Indian Standard Methods of Sampling and Test for 

Oils and Fat. Part L Sampling, Physical and Chemical Tests, 
Indian Standard specification no. IS:548 (part I), Indian Stan- 
dards Institution, New Delhi, 1964, p. 19. 

6. Packaging for Climatic Protection, edited by C.J. Cairns, C.R. 
Oswin and F.A. Paines, Newnes-Butterworths, London, 1974, 
p. 101. 

JAOCS, Vol. 72, no. 10 (1995) 



SHORT COMMUNICATION 1221 

7. Wink, W.A., Ind. Eng. Chem., Anal. Ed. 18:251 (1946). 
8. Salwin, H., in Freeze Drying of Foods, edited by F.R. Fisher, 

National Academy of Sciences, National Research Council, 
Washington, D.C., 1962, p. 58. 

9. Official Methods and Recommended Practices of the American 
Oil Chemists' Society, edited by W.E. Link, 3rd edn., American 
Oil Chemists' Society, Champaign, 1973, Method Cd 8-53. 

10. Labuza, T.P., CRC Crit. Rev. Food TechnoL 2:355 (1971). 

11. Food Chemistry, edited by O.R. Fennema, 2nd edn., Marcel 
Dekker, Inc., New York, 1985, p. 56. 

12. Verma, M.M., and J.V. Prabhakar, Indian Food Packer 36:77 
(1982). 

13. Hauser, H., in Water Relations of Foods, edited by R.B. Duck- 
worth, Academic Press, London, 1975, p. 40. 

[Received April 6, 1995; accepted July 25, 1995] 

JAOCS, Vol. 72, no. 10 (1995) 


