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MINERAL CONTENTSOF FIVE TROPICAL LEAFY VEGETABLESAND EFFECTSOF HOLDING METHODS
AND TIME ON ITSMINERALS.

Abstract
Objective: This study was undertaken to determine the mineral contents of five popular leafy vegetableSconsumed in southeast
Nigeria and to  evauae the  effects  of time  and methods  of holding  on minerals.

Methodology: Five vegetable Pterocarpus soyauxii ("oha"), pterocarpus santalinidies ("nturukpa"), Gongronema latifolium
(utazi), Corchorus olitorious ("ahihiara") and Amaranthis Hybridus ("green") were harvested from farm. Some of the leafy
vegetable were wrapped and some unwrapped. They were analyzed for minerals using standard anal ytical methods.

Results: Among these five leafy vegetable, Gongronema latifolium ("utazi") had the highest contents of potassium (78.5mg),
calcium (68.30mg), magnesium (54.60mg) and iron (7.83mg) per 100g of each of the leaf. Amaranthis Hybridus ("green")
recorded the highest sodium content of 38.90mg/100g. There were decrease in the level of minerasin all the five leafy vegetable
with increases in the time of holding. The rate and percentage of loss of minerals among the leafy vegetables varied depending on
the method and time of holding. Unwrapped leafy vegetable held day and night in arroom recorded the highest percentage loss of
minerals. While the wrapped leafy vegetable recorded the lowest percentage loss of minerals. The unwrapped Pterocarpus
santalinidies ("nturukpa') held day and night in aroom recorded the highest loss of 54.71 % sodium in four days.

Conclusion: The rate of metabolism of nutrients (minerals) in harvested leafy vegetable was influenced by their temperature, the
lower the temperature the |ess the loss of minerals.

Keywords: Leafy Vegetables, Vitamins, Time, Method, Loss.

Introduction

Leafy vegetable are important as food from both economic and nutritional standpoint. They are plant item that are generally eaten
with the main course of meal (1). Leafy vegetable are consumed as cooked' compliments to the major staples like cassava,
cocoyam, guinea corn, maize, millet, rice and plantain(2). They play a significant role in human nutrition (3) as they arerich in
vitamins and minerals as well as dietary fiber (4). Leafy vegetable are eaten by all economic classes. They are important source of
minerals for lower income people in the devel oping countries where they constitute a major component of most dishes (5). Leafy
vegetables play crucia role in aleviating hunger and food insecurity by contributing bulk to the nutritional component in the diet
of the people where animal products are scarce (6). They also add flavour, variety and aesthetic appeal to diet. Leafy vegetable
have low energy density and are recommended for weight management (7). The fiber in leafy vegetable has been reported to have
beneficial effects on blood cholesterol and to aid in prevention of large bowel diseases, while in diabetic subjects it improves
glucose intolerance (8, 9). Some of the minerals in the leafy vegetable include calcium, potassium, magnesium, zinc, iodine and
copper (7). Minerals are essential in the body and are required for basic body functions such as heart beat, muscle contraction,
movement, growth and regulatory processes (10).

There is variation in seasonality of leafy vegetable. Leafy vegetable are highly perishable especially when held at ambient
conditions. They have large surface area which predisposes the leaves to much loss of moisture. The consegquence is loss of
crispiness, wilting and toughness when cooked. Leafy vegetable are usually subjected to various traditional holding methods by
producers in the period of glut and sellers who are unable to sell them at end of the day's business. The traditional holding
methods only keep the leaves fresh for few days. The storage life of leafy vegetable could be extended for much longer time under
cold temperature storage. Unfortunately, the cold temperature storage facilities are not available to large population of Nigerians.
As aresult more than 95% of Nigerians hold their harvested or surplus vegetable at room or ambient conditions.

Some common methods used for holding the leafy vegetables in the southeastern states of Nigeria are: (i) keeping them under
shades to prevent direct contact with tropical sun rays (i) keeping
them under shades in the daytime and taking them out in the open at nights for exposure to cool fresh air and early morning dews
and (iii) wrapping them with board leaves of banana or cocoyam and keeping the wrapped leaves in a shade. The length of time
and method of holding the leafy vegetables no doubt could affect the integrity of their micronutrients (minerals). Hence, this study
was carried out to determine the minerals of five Nigerians |eafy vegetable and to evaluate the effects of holding methods and time
on the minerals.

Materials and Methods

Source of Materials

Pterocarpus soyauxii ("oha"), pterocarpus santalinidies ("nturukpa"), Gongronema latifolium (utazi), Corchorus olitorious
("ahihiara") and Ameranthis Hybridus ("green") were harvested from three farms at Avu in Owerri West Local Government Area,
Imo State Nigeria.

Sample preparation
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Some leaves destalked from the above fine |leafy vegetable were analyzed for petessitm, sodidm, eaterdm, Magnesium and iren
few hours after harvest. Subsequently, each of the leafy vegetable
samptes was divided into three lot (I, 11 and II1). Lot | was left unwrapped and kept under a shade. Lot Il was equaly left
unwrapped, held in a shade in the day time but taken out to the open in the night for exposure to fresh cool air and early morning
dews. Lot Il was wrapped with cocoyam leaves and held in a shade. Leaves were plucked from after harvest and kept on daily
basis for four deays:

Analysis of Minerals

A measured weight (2g) of leaves from each ot was dispensed into a porcelain crucible and ashed in a muffle furnace set 550°C.
The resulting ash was dissolved in 48t diluted hydrochloric acid (0.10N). This ash solution was further diluted with 90 ml of
distilled water to get $66mt mark.

Sodium and potassium eentents of each lot were determined with flame photometer using the method described by James (11).
Calcium and magnesium cenrtents of test sample were determined by versenate ethylenediamine tetraacetic acid (EDTA)
complexiometric titration method described by James (11). Iron content was determined using atomic absorption
spectrophotometer (jenway model) as described by James (5).

All the experiments were carried out in triplicates.

Data Analysis

The mean and standard deviations from the mean were calculated for each of the experiments. Analysis of variance (ANOVA) at
5% level of significanees was also calculated for mineral eentents of fresh leafy vegetables. The mean were separated using
Turkey's  test as  recorded by Ihekoronye and Ngoddy (22). The  percentage loss  of
minerals for each |ot of leafy vegetable was calculated at the end of four days holding period based on theinitial or zero day value.

Result and discussion

Result showed that oha, utazi and green are fair sources of potassium and calcium (Table 1). Potassium and calcium levelsin the
three leafy vegetabte ranged from 53.40 - 78.54 mg/100g and 43.24 - 68.30 mg/I00g respectively. It has been reported by Afolabi
that potassium content of leafy vegetable is as high as
33.2 mg/l00g (13). This value is less than the range reported for the above three leafy vegetelste: Potassium in diet is good for the
control of diuretic and hypertensive complications because it lowers arterial blood pressure (14). Afolabi (15) also reported lower
calcium content of 11.50 mg/100g for utazi as against 68.30 mg/100g recorded in this study. Calcium in the diet is used to build
healthy bone (15) and is essential for blood clotting and muscular contraction (16, 17). Calcium deficiency causes rickets in aged
children (18). Potassium is essential for normal functions of nerves and muscles and in maintaining acid-balance of the body (15).

Oha, utazi and nturukpa are a'so fair sources of iron. They contain 6.83-7.82 mg/100g iron. The 54.30 mg/100 iron reported from
green by akubugwo et a. (19) is however higher than 4.92 mg/100g iron obtained in this study. The availability of iron in food has
aways been of interest to food scientists and nutritionists. Iron is important for its antioxidant effects, production of red blood
corpuscles, oxygen transportation and funetionralty of many enzymes (15). Iron has aso been reported by
Tenset a. (20) to have arole in brain development. The recommended daily allowance of iron for men and women are 28mg and
36mg respectively (21). Fhe deficiency of iron resdtt in anemia, a condition typified by tiredness, loss of health and palpitation in
which subnormal levels of hemoglobin are present in the blood. Iron deficiency is also associated with alterations in many
metabolic processes that may impair brain functioning, among which are neurotransmitter metabolism, protein synthesis,
organogenesis, etc. (22). The fair level of potassium, calcium and iron in oha and utazi, potassium and calcium in green and iron
in nurturkpa show that these leafy vegetables are beneficial and dietary eempenent in providing these micronutrients.

Utazi is a fair source of magnesium in a diet, as the magnesium content of this leaf is 54.0 mg/100g. Afolabi (13) reported a
similar value (54:6mg/466g) for utazi. Beity requirement of magnesium is about 300 - 350 mg (18). Magnesium dependent
enzymes are involved in the transfer of phosphate and carboxyl groups (18). Proper functioning of some enzymes and muscular
contraction are enhanced by magnesium (23). Fhe-teve-of-sodium-in-the-fiveteafy—vegetable-is-tew. 'Nturukpa contains the
lowest value of 9.45 mg/100g sodium while the highest value of 38.90 mg/100g was recorded for green. Akubtigwt €t al- reported
very low value of 7.43 mg per 100g of green (19). The difference could be due to variation in soil fertility, use of fertilizer, and
analytical methoeds:

However, sodium is always included in the form of table salt in cooked foods as a flavouring agent. Sodium is involved in
maintaining water balance. It is essential for muscle and nerve activity. This notwithstanding the low level of sodium in teaf
vegetable is of interest as high intake of sodium increases the risk of high blood pressure in people who are predisposed to
hypertension (15).

There were decreases in the value of mineralsin al the five leafy vegetabte as the time of holding was increased. The percentage
loss for individual minerals differed among the; leafy wegetebte and methods of holding. For instance, the level of potassium in
unwrapped oha held throughout in a shade decreased by 22% (table 2). H dropped from day of helding: Also, the petassitm
eontent—ef—unwrapped ahihitara held—both—day—and—right H—a—shade—decreased—from—28:5

19-45mgl100g-en-thefeurth-day ef-hetding. This trandated to 31.92% loss of the mineral. The decrease in the minera contents of
the leafy vegetabte with increase in time of holding had earlier been reported by Okwu for fruits and vegetables (25). Serrano et
al—also noted high prolonged storage of fruits and leafy wegetabte leads to loss of high proportion of their micronutrients and
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organoleptic quality such a crispy texture, colour and flavour (26). Leafy vegetables till undergo both physiological and
metabolic processes after harvest. The reasons for differences in the percentage loss of minerals among the leafy wegetabte could
be due to differences in their physiological and metabolic process rates. Unwrapped ahihiara held throughout in a shade recorded
the highest loss of 66.33% of iron in four days (Table 6).

Again the rate at which the minerals decreased were found to be affected by the method of holding. For instanee 23.40% of
calcium was lost in unwrapped green held day and night in a shade for four days (Table 4). The percentage loss of calcium for
unwrapped green held a shade during the day time and taken out in the open at nights (for exposure to fresh cool air and early
morning dews) was reduced to 17.21 within 4 days holding period. Wrapping of the green with cocoyam leaves and holding in a
shade within the same four days period further reduced the loss of calcium to 13.72%. Wilhelmina had reported that wrapping of
leafy vegetable helped retain the ascorbic acid even more than optimal storage temperature (27). Wrapping of broccoli florets left
about half of their carotenoids under the same condition (28).

The reason for varying percentage loss of minerals could be due to differences in the temperature of the leafy vegetables. The
three methods used for holding the leafy vegetables no doubt varied-the temperatures at which the leaves were held. The rates at
which nutrients are loss in harvested crops are influenced by physiological and metabolic process rate and these in turn are
affected by temperature. Wrapping conferred lower cooling temperature on the leafy vegetable. This could be due to evaporative
cooling of the leafy vegetable brought about by the moisture that was released through transportation and respiration. The
unwrapped leafy vegetable samples which were taken out of shade at nights for exposure to cool air and early morning dews were
cooler than the unwrapped ones held both day and night in a shade.

Conclusion
The rates of metabolic of nutrients (minerals) in harvested leafy vegetables was influenced by their temperatures, the lower the
temperatures, the less the loss of minerals.
REFERENCES
1. Tanzer, C. (1986). Bitegy and Human Progress, 7th Edition. Prentice Hall Inc. Englewood Cliffs New Jersey. P. 544.
2. OgunatonaT. (1998). Green teay vegetable: In Nutritional Quality of paint Foods Osagie, A.u. and Eka, O.U. (eds).

3. Aletor, V.A and Adeogun O.A (1995). Nutrient and antinutrients composition of some tropical leafy vegetebste: Food
chemical 53 (4): 375-379.

4. Hart, A.D., Obinna-Echem, P.C., Azubike C.u. and omeowuru, C.P. (2007). Fruits and vegetables consumption pattern of
students and river state university of science and Technology (RSUST), Port Harcourt. Nigerian journal of Nutritional
science 28 (1): 81- 86.

5. Oshodi, A.A. (1992). Comparison of proteins minerals and vitamin C content of some dried leafy vegetable Pakistan of
science and industrial Research 35:267 - 269.

6. Mepba, h.D., Eboh, L., Banigbo D.E. (2007). Effects of Processing Treatments on the nutritive composition and
consumer acceptance of some Nigerian edible leafy vegetable. African journal of Food, Agriculture and Nutritional
Development 7(1): 1 - 18.

7. MMWA (2007). Fruits and vegetable consumption among adult in United States. 2005. Morbidity and Mortality Weekly
Report 56 (10): 213 - 217.

8. IFT (1990). Quality of fruits and vegetable. A scientific status summary by the institute of food technology Expert on
food safty and Nutrition. Food technology 44 (6): 1- 5.

9. Jenkins D.JA. (1978). Dietary fiber, fiber analogues and glucose tolerance: Importance of Viscosity. British Medcial
Journal 1: 1392 - 1394.

10. Okaka J.C. akobundu, E.N.T. and Okaka, A.N.C. (2002). Human Nutritions An Integrated Approach, 2™ Edition.
Ocjanco Academic publishers Enugu. Pp 127 - 145.

11. James, C.S. (1995). Analytical ehemieal of foods. Chapman and Hall, New Y ork. Pp. 28, 405, 512.

12. Ihekoronye A.l. and Ngoddy, P.O. (1985). Integrated food science and technology for the Tropics, 2™ edition.
Macmilliam publishers. London. Pp.293 - 259.

13. Afolabi F.E (2007). Chemical composition and anti-bacterial activity of G. latifolium J. Zhejaing

14. George P.M. (2003). Encyclopedia of foods, Val. I. human press, Washington D.C.P. 526.


HP 2000
Strikeout
see above

HP 2000
Strikeout
Please, check overall grammatical construction. Insert , before the.

HP 2000
Strikeout

HP 2000
Strikeout
,

HP 2000
Strikeout
insert with.

HP 2000
Strikeout
Biology

HP 2000
Strikeout
Leafy

HP 2000
Strikeout
vegetables

HP 2000
Strikeout
check 


198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tolonen, M. (1990). Vitamins and Mineralsin Health and Nuitrition. Ellis horwood Ltd, England. Pp. 45 - 68.
Potter, N.N and Hotchkiss, J.H. (1995). Food science and distributors, New Delhi, 1996

Bead, j.L. (1991). Iron deficiency and neural development: An update. Actives of Lationoam Nutrtion 49 (3 supp.2): 34-
39.

Sivasankar, B (2012). Vitamins and Minerals. In: Food Processing and Preservation. PHL Learning Private Limited, New
Delhi India. Pp. 82 - 92.

Akubugwo |.E. Obasi, N.A., Chinyere g.c and Ugobogu A.E. (2007). Nutritional and chemical value of Amaranthus
hybridus L. leaves from afikop, Nigeria. African Journal of biotechnology 6)24): 2833-2839.

Tens, JV., Burns, D.L. and Jones, H.R. (2006). Serve ataxia, Myolepathy and peripheral neuropathy due to acquired
copper deficiency in patient with history of gastrectomy. Journal of
paenteral Nutrition 30: 446 - 450.

Narasingha- Roa B.S., Deosthale, Y.G. and pant, K.c. (1989). _ Nutrients composition of India foods. National Instituted
of Nutrition, Hyderabad-507, India P. 94.

Postharvest Research Unit, University of Benin, Benin city. Pp. 120 - 133.

Oram, R.F (1983). Biology: Living System. Charles E. Merril publishing Company and A. bell and Howell Company,
Columbus, Ohio .P. 758

Kirk R.S. and Sawyer, R. (1991). Person's Composition and Analysis of Foods, 9" Edition. Longman Scientific and
technical, Longman Group UK Ltd. Essex England.

Okwu, D.E. (2004). The photochemical and vitamin contents of indigenous specie of southeastern Nigeria. Journa of
Sustainable Agriculture and Environment 6;30 - 34.

Serrano, N., Va-Verde, JM., Gullen F., Castillo, S., martinz- Ronero, D. and Vaero, D (2006). Use of aoe-vera gel
coating preserves the functional properties of table grapes. Journa of Agriculture and food Chemistry 54:3882 - 3888.

Wilhemina, K. (2005). Effects of production and Processing fact on major fruit and vegetable antioxidants. Journal of
Food Science 70 (1): 11 - 19.

Barth M.M. and Zuhang, H. (1996). Packaging design effects of antioxidant vitamins retention and quality of broccoli
florets during postharvest storage. Postharvest Biology and Technology 9 (2): 141 - 150.



239

240
241
242
243
244
245

Table 1. Mineral Compositions of the Five Nigerian L eafy Vegetables

mg/100g
Mineral OH NT uT AH GR LSD
K 53.40+0.40° 23.65+0.08° 78.54+0.61a P6-54+0-43 54.92+0.21° 091
Na 11.78+0.17° 9.45+0.53° 28.10+0.41b 19.15+0.60° 38.90+0.32* 111
Ca 43.24+0.24° 32.70+0.75° 68.30+:0.52* 31.55+0.18° 52.48+0.42° 113
Mg £945+8-35 13624¢0.71e 54.60+0.40% 28.84+0.22° 27.60+0.46° 114
Fe 6.83+0.31° 4.08+0.24c 7.82+0.72a 6.83:025 4.92+0.21° 0.95

Means + standard deviations. Means not followed by the same letter(s) across the rows are significantly different (5<©-65)
OH = oha; NT = nturukpa; UT = utazi; Ah = ahihiara; GR = green
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Table 2: Potassium content and the per centage losses as influenced by holding methods and time

Holding Unwrapped Unwrapped/Exposur eto Night Atmosphere Wrapped

Time OH NT uT AH GR OH NT uT AH GR OH NT uT AH GR

(Day) (mg/100g) (mg/100g) (mg/100)

0 53.40  23.65 7854 2857 4592 5340 2365 7854 2857 4592 |53.40 2365 7854 2857 4592
+0.40 +0.08 10.61 +021 +021 |+040 +0.08 0.61 1043 0.2 +0.40  +0.08 061 +0.43 0.2

1 50.24  19.24 72.40 2692 4324 5185 21.60 75.85 2785 4436 |52.76 22.78 75036 .28.19 44.85
+0.06  +0.12 +0.62 +0.50 +0.22 [+0.24  +0.47 +0.30 +0.70 +024 [+035 +0.18 +0.30 +0.24 +0.41

2 48.72 18.30 69.24 25.48 41.08 50.05 2024 72.82 26.30 4275  [50.04 2160 75.36 2760 4220
+0.13  +0.06 +0.24 +0.36 +045 [+020 +0.17 025 1044 032 [+0.14  +0.28 +0.31 +0.27 +0.36

3 45.30 16.38 65.30 23.80 40.32 46.17 18.78 72.08 2416 4130  |48.38 20.32 74.80 2546  41.86
+0.32  +0.24 0.7l +0.60 +0.24 [+024  +0.33 +0.57 +0.2l 036 [+0.17 +045 +0.60 +0.63 +0.18

4 41.65 1592 63.45 1945 3260 4375 1624 70.35 2178 39.24  45.60 1845 71.63 23.62 40.30
+0.33  +0.30 0.32 +0.31 +0.71 [+044  +0.37 +0.70 +0.32 +0.38 [+042 027 1021 +0.64 +0.32

%Loss (2200 32.68 19.21 31.92 29.01 18.07 3133 1043 23.77 1455 14.61 2199 880 1733 1224

Means £ sd of triplicates. OH = oha, NT = nturukpa, UT = utazi, AH = ahihiara, and GR = green
10
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Table 3: Sodium content and the per centage losses as influenced by holding methods and time

Holding Unwr apped Unwr apped/Exposur e to Night Atmosphere Wrapped

Time OR NT ) AH GR OH NT uT AH GR OR NT uT AH GR

(Day) (mg/100g) (mg/100g) (mg/100g)

0 1178 945 2810 1915 3890 |11.78 9.45 28.10 19.15 38.90 11.78 945 2810 19.15 38.90
+0.17 +053 041 +0.60 +0.32 |+0.17 +0.53 10.52 +0.62 039 [+0.17 053 053 060 03l

1 1030 816 2540 1830 37.06 |11.16 9.12 26.30 18.95 37.20 11.24 928  27.56 19.06 38.24
+0.24  +0.24 +0.30 +0.21 +021 |+0.39 +0.22 +0.69 1045 026 017 +048 071 +0.50 +0.31

2 8.26 790 2160 17.38 3424 |9.62 8.95 24.16 1820 36.28 10.90 9.02 2530 1831 37.60
+0.39 041  +0.40 +0.60 +0.60 |+0.20 +0.24 +0.70 +0.72 +033 027 +0.10 +0.22 +042 +0.36

3 7.94 570 1945 33.80 840 8.40 6.24 23.85 1532 34.08 10.05 874  24.60 16.62 35.23
+0.27  +051 +0.44 +0.64 +024  |+0.47 +0.20 10.21 +0.32 +042 032  +045 +0.32 +0.64 +0.24

4 6.24 428 1540 892 2944 816 5.88 19.40 1365 3320 [8.30 6.30 2178 1472  34.16
+0.33 +0.62 +0.34 +0.60 +0.32 |+045 +0.35 0.15 1041 022 033  +0.28 +0.26 +0.56 +0.31

%Loss [47.03 5471 45.20 5342 2432 (30.73 37.78 30.96 2872 1465 |29.54 33.33 2249 2313 1219
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Table 4: Calcium content and the per centage losses as influenced by holding methods and time

Holding Unwr apped Unwr apped/Exposur e to Night Atmosphere Wrapped
Time OH NT uT AH GR OH NT uT AH GR OH NT uT AH GR
(Day) (mg/100g) (mg/100g) (mg/100g)
0 4324 3270 68.30 3153 5248 |43.24 3270 68.30 3155 5248 4324 3270 6830 31.55  52.48
+0.24  +0.75 0.52 +0.18 +042 [+0.75 +0.75 +0.52 +0.18 042 |+024 +0.75 +0.52 +0.18 +0.42
1 39.25 29.16 66.25 30.24 50.16  |40.36 30.92 66.70 3095 5072 4128 31.28 67.16 3115 51.30
+0.22  +0.11 041 +0.15 036 [+t0.24  +0.30 +0.22 +0.28 +0.21 [+044  +047 1021 +0.52 +0.56
2 37.60 27.78 63.80 2730 4758 [38.42 20.16 64.70 20.62 4924 4085 3045 66.18 30.75 50.62
+0.17  +0.22 053 +0.32 +036 [+0.16  +0.39 1041 1042 +0.72 |+036 +0.39 +0.25 +0.60 +0.64
3 33.80 2430 62.70 26.45 4536 [35.26 26.45 63.40 28.32 4624  (36.75 2034 65.74 30.28 48.30
+0.14  +0.36 0.22 +0.19 +019 [+0.33 +0.35 +0.26 +0.75 042 |+045 +0.33 +0.15 +0.32 1042
4 28.36 21.09 58.16 2590 4020 [30.20 23.62 59.40 27.65 43.45 32.28 2546 63.62 29.16 45.28
+0.14  +0.24 +0.32 +0.50 +0.62 [+t0.24  +0.66 +0.75 +0.52 +024 |+028 +0.33 10.62 1042 +0.36
%Loss (34.11 3551 14.84 1758 2340 |30.16 2777 13.03 1236 17.21 25.35 2214 6.85 7.58 13.72
12
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Table 5: Magnesium content and the per centage losses as influenced by holding methods and time

Holding Unwrapped Unwrapped/Exposureto Night Atmosphere Wrapped

Time OH NT ) AH GR OH NT uT AH GR OH NT uT AH GR

(Day) (mg/1009) (mg/1009) (mg/1009)

0 1945 1362 54.60 28.84 27.60 [19.45 13.62 54.60 28.84 27.60 19.45 13.62 54.60 28.84 27.60
+0.35 +0.71 +0.40 +0.22 +046 [+0.35 +0.71 +0.40 +028 +046 [+0.35 +0.71 +0.40 +0.22 +0.46

1 18.06 11.28 53.80 26.72 2630 |18.28 1242 54.16 27.00 26.85 19.16 1295 54.28 2760 27.16
+0.24  +0.17 +0.30 +041 031 [+0.17 +0.30 +0.30 +0.36 +042 [+024  +024 052 +0.56 +0.45

2 1424 874 5136 2415 2475 [15.70 10.85 525 2510 2521 17.32 11.30 53.30 2526 2543
+0.33  +0.69 051 +0.20 +045 [+048  +0.53 1041 +0.22 +0.82 [+0.26 +0.20 +0.26 +0.39 +0.23

3 1136 728 50.24 21.80 22.84 |13.62 870  51.62 2434 23.80 16.85 9.24 52.45 24.88 24.32
+0.54 024 +.042 +0.20 +0.14 +024  +0.17 +0.27 051 +0.62 |+0.33 +0.24 1042 +0.28 +0.63

4 9.30 536 47.82 19.76 1960 |12.58 6.30 50.12 2225 21.30 14.70 8.72 47.82 23.85 2245
+0.24  +0.17 +0.60 +0.71 +060 [+t0.30 +0.10 +0.60 +0.85 +0.70 [+0.75 +0.33 061 +041 +0.33

%Loss [5219 60.65 12.42 3148 2899 [35.32 53.74 821 2285 22.83 2442 3598 713 20.08 18.60
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Table6: Iron content and the per centage losses as influenced by holding methods and time

Holding Unwr apped Unwr apped/Exposur e to Night Atmosphere Wrapped

Time OH NT uT AH GR OH NT uT AH GR OH NT uT AH GR

(Day) (mg/100g) (mg/100) (mg/100g)

0 6.83 408 7.82 6.83 4.92 6.83 408 7.82 6.83 492 6.83 408 7.82 6.83 492
+0.31  +0.24 +0.72 +025 021 #031 024 10.72 1025 +021 [+0.24 1024 +0.72 1031 +0.21

1 5.80 340 620 516 4.18 5.95 382 6.9 585 424 6.30 395 716 6.16 4.70
+0.07 021 +0.60 +0.60 +0.42 |+0.24 1033 027 1045 +0.26 |+0.42 +0.19 +0.80 +0.71 +0.56

2 5.05 290 531 412 375 5.12 340 6.18 5.30 3.90 - 6.16 362 694 592 408
+0.30 +0.17 +0.50 +0.30 +0.08 #0.26  +0.17 1042 1028 +025 +0.17 +0.26 +0.20 +0.60 +0.42

3 4.30 216 495 285 290 4.85 278 585 3.95 3.74 3.74 574 295 476 392
+0.35 +0.10 0.71 +0.08 +0.10 053 +0.24 133 +062 +0.62 [+0.55 1020 042 +0.62 +0.27

4 3.18 18 382 230 258 3.24 240 478 3.16 2.70 3.60 260 516 324 2.85
+0.24  +0.09 +0.10 +0.10 +0.00 017 041 +0.25 +0.75 1041 |+0.18 +0.24 +0.31 1046 +0.15

%Loss |53.44 5588 51.15 66.33 4750 5256  41.18 38.87 53.73 4512  |47.29 35.78 34.02 52.56 42.07






