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Many Pacific peoples have traditionally utilised the earth oven to cook meat and 
root crops which required lengthy cooking. Even today when modern cooking 
appliances are available the earth oven ("lovo" in Fijian) is used on ceremonial 
occasions when large amounts of food need to be cooked. Food composition 
tables are o~en lacking in data on processed food and the Pacific Island Food 
Composition Tables lack data on foods cooked in this manner. Therefore a 
project was undertaken to cook in a Fijian earth oven a variety of foods normally 
cooked in this manner (meat, fish, root crops and a mixed traditional dish called 
"palusami") and compare the nutrient retention with other methods by which the. 
foods might be cooked (boiling for root crops, baking and microwaving for meats 
and fish and steaming palusami). 

Methods 

Sampling 

In general, sampling procedures were chosen so that the nutrient data obtained 
would represent the food as eaten in Fiji. To this end a composite sample of 
multiple food samples purchased at three sites was analysed. In some cases 
such as chicken, the need to be able to compare analyses among different whole 
chickens dictated that the samples purchased were as identical as possible, 
which was achieved by buying the chicken of same brand (Crest). In addition to 
this, the chickens were all of the same size ensuring meat analysed was from 
chicken of the same age group since vitamin content of meat is also affected by 
age. It is evident from food tables that different parts of lamb have different 
nutritional composition. To make this factor constant only lamb chump chops 
were bought for analysis. 

Fresh fish (Lethrinus xanthophilus) were bought from three different vendors in 
the Suva fish market. Since the skin, which is normally eaten, was difficult to 
homogenise in the raw sample, only flesh in the raw and cooked samples was 
analysed. 

Three bundles of each type of root, cassava and taro, were also bought from 
three different vendors in the Suva market. Each bundle of taro consisted of five 
to seven tubers and each bundle of cassava had about eight to ten cassava 
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tubers. Standard sub-sampling procedures were used to obtain composite 
samples for analysis. 

Taro leaves ( Co/ocasia escu/enta), onion, canned coconut cream and corned 
mutton were the ingredients for 'palusami'. Taro leaves and onion were bought 
from three different vendors in the Suva market whereas canned coconut cream 
and corned mutton were bought from three different supermarkets. 

The palusami was made by taking twelve taro leaves (total mass about 93g) and 
adding about 160g of corned mutton, 133g of coconut cream, 53g of onion and 
0.6g of salt to a cavity in the piled leaves. The leaves were then folded over to 
contain the filling and wrapped in aluminium foil. 

The eartl1 oven is made by burning a base of stacked wood on which heat
retaining stones have been piled. Once the wood has burned the stones are 
spread out and the root crops placed on top of the thick midsection of coconut 
palm fronds. Meat, fish and the palusami wrapped in aluminium fo il (traditionally 
leaves) are placed on top of the root crops. The pile is then sealed (with leaves 
and/or wet newspaper or sacks) which are covered with earth so that no steam 
is seen to be escaping. The time of cooking is normally about 90 minutes. A 
maximum temperature of 126°C is reached. For boiling, the root crops were cut 
in pieces with diameter about 10 cm and thickness of 3 cm covered in water 
which was boiled until the root crops were cooked. Baking was done in an oven 
at 175° until cooked. The microwave cooking was done at high setting until food 
was considered cooked. 

Determination of Nutrients 

Official methods of analysis (AOAC, 1995) were used for the determination of all 
nutrients. 

A. 

1. 

Proximates 

Moisture 

Water was determined as the loss of weight after drying the sample to a 
constant weight at a selected temperature (75°C) in a vacuum oven according to 
method 925.04 of the AOAC International (1995). 

2. Protein 

Protein was calculated from the total nitrogen determined by the manual Kjeldahl 
procedure described in method 981.10 of AOAC International (1995). The factor 
used for conversion of nitrogen to protein was 6.25. 
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3. Fat 

The fat content of the samples was determined by the gravimetric method 
(Method 954.02, AOAC, 1995). 

4. p-Cholesterol 

This component of food was determined using the AOAC method for cholesterol 
in animal fats. Cholesterol was quantified on GC as the acetate. 

s. Total Carbohydrates 

Total carbohydrate was taken as the sum of total sugars, starch and total dietary 
fibre. 

(a) Sugars, total 

Sugars (fructose, glucose, sucrose, maltose and lactose) were determined by 
HPLC performed after extraction of sugars with ethanol. · 

(b) Starch 

Starch was determined in the residue remaining after extraction of sugars by 
hydrolysis of starch to glucose and measurement of glucose by HPLC. 

A factor of 1/1.1 was used for the conversion of the value of glucose to starch. 

( c) Total dietary fibre (TDF) 

Dietary fibre was determined using the AOAC procedure 985.29 (1995). This is 
an enzymatic gravimetric method which measures an unidentified residue as 
dietary fibre under strictly prescribed experimental conditions. 

6. Ash 

A dry ashing-gravimetric method as described in procedure 938.08 (AOAC, 1995) 
was followed with ashing, performed at SS0°C in a muffle furnace. 

7. Energy 

Energy values used are given below for kilogoules (kJ) per gram of food 
component. 
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Protein 17 
Total Fat 37 
Sugars 16 
Starch 17 
Dietary Fibre 8 

B. Determination of Minerals 

The values of sodium (Na), potassium (K), calcium (Ca), iron (Fe), magnesium 
(Mg), copper (Cu) and zinc (Zn) were determined by atomic absorption 
spectrophotometry of an acidic solution of the ash. 

c. Vitamins 

1. Vitamin A 

Total vitamin A is the sum of retinal plus one-twelfth of the p-carotene 
· equivalents, which is p-carotene plus one-half of a-carotene. 

(a) Retinal 

Retinal was determined by HPLC after saponification and solvent extraction of 
the food sample. 

(b) alpha (a) and beta (P)-carotene 

Carotenes were determined by HPLC. 

2. Determination of Thia min (Vitamin B1) and Riboflavin· (Vitamin B2) 

Thiamin was extracted simultaneously with riboflavin and the digestion 
procedure described in method 957.17 (AOAC, 1995) was followed, with a few 
modifications. 

Both vitamins are determined thereafter, with riboflavin being directly measured 
by HPLC whereas thiamin was measured by HPLC after post-column 
derivatisation to thiochrome by potassium ferricyanide. 

3. Determination of Niacin 

A colorimetric method using cyanogen bromide and sulphanilic acid was used for 
determination of niacin in food samples. All steps followed in the digestion, 
extraction and determination procedure were as per method 961.14 (AOAC, 
1995) for non-cereal foods and feeds. 
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4. Determination of Ascorbin acid (Vitamin C) 

This vitamin was also determined by HPLC after extraction with 3% 
metaphosphoric acid in water. 

Calculation of Nutrient Retention 

Nutrient retention values are reported as true retentions (TR) based on the mass 
of the food before and after cooking. 

%TR= Nutrient content per g of cooked food x g of food after cooking/ 
Nutrient content per g of raw food x g of food before cooking 
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Results and Discussion 

The results of percentage retention of each analyte are shown in the tables 
below grouped by type of analyte . 

.. 
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Table l(a) shows the percentage retention of each proximate, except sugars. 

Method Sample Water Protein Fat Starch TDF 
Chicken : Whole nc 97 79 na na 89 

Lean only nc 96 106 na na 88 
Skin only nc 100 85 na na 93 

L/Chops: Whole nc 99 101 na na 72 
Earth oven Lean only nc 98 292 na na 71 
cooked Fat only . 

100 89 83 nc na na 
Fish 65 98 87 na na 79 
Cassava 87 102 89 92 167 89 
Taro 83 98 83 81 114 90 
' Palusami' 64 96 63 nc 105 64 

Boiled Cassava 129 99 92 93 108 86 
Taro 137 100 92 89 128 89 
Chicken : Whole 61 101 75 na na 81 

Lean only 66 100 67 na na 81 
Microwave Skin only 47 101 85 na na 87 

L/Chops: Whole 42 100 113 na na 80 
Lean only 50 99 291 na na 79 
Fat only 23 100 99 na na 78 

Fish 71 99 31 na na 89 
Chicken: Whole 64 101 82 na . na 98 

Lean only 68 102 94 na na 95 
Skin only 43 101 81 na na 100 

Roast L/Chops: Whole 46 103 98 na na 86 
Lean only 54 100 294 na na 86 
Fat only 21 101 96 na na 69 

Steam Palusami 68 103 82 na 92 69 

na = not analysed 
nc not calculated 
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Table l(b) Minerals 

Cookina Sample Na K Ca Mg Fe Zn Cu 
Chicken: Whole 59 82 81 84 87 96 90 

Lean only 59 81 83 84 87 93 100 
Skin only 74 80 72 65 98 92 71 

L/Chops: Whole 59 73 68 70 80 79 94 
Earth Lean only 59 70 81 69 I 71 84 87 
oven Fat only 63 89 27 83 86 82 55 

Fish 50 87 95 95 30 91 77 
Cassava 73 88 88 95 89 89 102 
Taro 85 88 101 86 99 66 96 
'Palusami' 43 71 69 63 97 97 62 
Chicken: Whole 68 79 92 85 84 94 88 

Lean only 67 80 95 89 88 96 92 
Skin only 66 80 80 58 63 65 71 

Microwave L/Chops: Whole 83 85 81 86 91 86 90 
Lean only 84 86 82 88 95 89 85 
Fat only 79 75 68 79 79 96 79 

Fish 81 93 100 93 51 96 55 
Chicken: Whole 89 81 95 84 93 98 92 

Lean only 90 82 99 85 93 97 94 
Oven Skin only 75 83 77 84 81 80 82 
Roast L/Chops: Whole 86 76 54 73 85 96 81 

Lean only 88 77 53 74 92 98 93 
Fat only 62 69 59 66 74 68 68 

Boil Cassava 96 76 96 93 86 86 99 
Taro 96 83 97 99 74 65 77 

Steam 'Palusami' 58 71 61 80 99 99 79 
USDA Chicken: Whole 76 78 92 76 87 100 91 

Lean only 82 80 98 77 . 97 105 95 
Lamb: Lean only 75 75 100 80 100 100 80 
Sweet potato: Boil 95 90 95 95 95 95 95 
Baked 100 100 100 100 100 100 100 

USDA meats by dry-heat cooking 
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Table l(c) Vitamins 

Method Sample Retinol Thiamin Ribolflavin Niacin Vit. C 
Chicken: Whole 20 18 43 72 na 

Lean only nc 16 39 68 na 
Skin only 33 80 67 95 na 

L/Chops: Whole 78 13 62 73 na 
Earth oven Lean only nc 13 62 71 na 
cooked Fat only 40 0 nc 64 na 

Fish nc 0 nc 94 na 
Cassava na 0 nc 89 76 
Taro na 53 nc 83 nc 
'Palusami' 124* 51 39 63 62 

Boiled Cassava na 58 nc 86 47 
Taro na 78 nc 85 nc 
Chicken: Whole 91 61 22 79 na 

Lean only na 64 16 79 na 
· Skin only 72 79 64 88 na 

Microwave L/Chops: Whole 81 47 43 84 na 
Lean only na 42 51 80 na 
Fat only 66 64 na 87 na 

Fish na 77 na 82 na 
Chicken : Whole 69 0 22 76 na 

Lean only na 0 16 77 na 
Skin only 54 0 64 81 na 

Roast L/Chops : Whole 42 0 43 77 na 
Lean only na 0 na 76 na 
Fat only 46 0 51 75 na 

Steam Palusami 108* 35 30 na 0 

* p-carotene retention 
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Loss and gain of moisture can be attributed to the cooking method. The loss of 
moisture content from foods is probably through evaporation and in the form of 
drippings, which commonly takes place from meat samples including fish in 
cooking methods such as earth-oven which use dry heat. A gain of about 30-
40% moisture in the boiled tubers was obvious because of the water that 
undoubtedly became absorbed by tubers during boiling. Other modes of cooking 
caused considerable water loss, without any significant difference among the 
methods. Retention of protein ranged from 96-103% indicating no significant 
loss of protein on cooking. 

Retention values of fat below 100% are caused by the loss of fat in the form of 
drippings as fat melts at high temperatures of cooking. However, the unusually 
high level of retention of 292% in cooked separable lean of lamb chops was 
surprising. Such a high retention could be attributed to the adsorption of fat 
from the separable fat as it melted during cooking, into the muscle tissue of 
lamb chops. The USDA Tables record 192% for fat retention in lean chicken and 
145% in lean lamb chops. More fat was lost from palusami on lovo cooking 
compared to steaming but microwaving fish caused much greater fat loss 
compared to lovo cooking. 

Retention factors of starch ranged from 91-93% indicating losses of only as 
much as 10% which can be explained by loss of soluble starch into t_he cooking 
liquor during boiling and by formation of resistant starch during heat treatment 
upon earth-oven cooking. 

Another nutrient that needs considerable attention is total dietary fibre (TDF). 
On three occasions after cooking the percentage retention of TDF has risen 
greatly above 100% implying an increase in the contents of TDF upon cooking. 
Retention of 167% and 128% in earth-oven cooked cassava and boiled taro is 
probably associated with the formation of resistant starch in these samples. 
Resistant starch formed upon cooking becomes analytically associated with non
starch polysaccharid~s (NSP), a component of dietary fibre. 

Ash, incombustible mineral residue in a sample, serves as a measure of inorganic 
salts. Loss in ash content of foods is directly related to the loss of mineral 
elements and this loss of mineral elements is possible through the leaching of 
inorganic compounds dissolved in the drippings or the extraction of these soluble 
compounds in the cooking liquor. The retention values of ash and minerals 
reflects the extent of dripping losses or the solubility of the mineral salts in the 
cooking medium. The only general trend was that baking, a dry-heat method, 
tended to give higher ash retention. 

The third class of nutrients, vitamins, also provides some findings which are 
significant. The loss of retinol usually ranges from 10-30% (USDA Tables give 
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25% for chicken) whereas in this study a loss as high as 80% was encountered. 
Low retention in the range of 20-55% could be associated partly with the 
destruction by heat of cooking and partially with the loss into the melted fat 
which leached out into the drippings. As it is a fat soluble vitamin its loss with 
melted fat would be more pronounced than other vitamins. Roasting and lovo 
gave lower retention than microwaving. 

For p-carotene a retention of 124% in palusami was found. The increase in the 
content of carotenes is thought to be associated with enhanced extraction 
efficiency of carotenes from the cooked samples compared with a greater 
difficulty in obtaining complete extraction in the raw sample. The difficulty in the 
extraction of p-carotene from raw sample can be due to the fact that it is present 
in quite stable lipoprotein complexes. After cooking, presumably a change in 
tissue morphology occurs thereby allowing a greater penetration of organic 
solvents into the cells and an enhanced release of carotenes. 

The rest of the water soluble vitamins showed retention of less than 100% 
reflecting their loss upon cooking. The loss of these vitamins could be due to the 
destruction by heat and leaching of dissolved vitamins as these vitamins are 
soluble in water. The extent of loss depends on the relative stability of each 
vitamin towards heat. Niacin and riboflavin are said to be more heat-stable 
compared to vitamin C and thiamin and so the retention of the former two 
vitamins was higher than the latter. The long cooking time in the lovo could lead 
to these low retentions of retinal and thiamin. USDA Tables give retentions of 
60-80% for thiamine, 80-90% for riboflavin, 80-95% for niacin and 50-75% for 
ascorbic acid for the types of foods in the study. 

Overall, except perhaps for vitamins, lovo cooking has similar nutrient retention 
as to other modes. · 
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