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ABSTRACT

The present work was carried oul to evaiuvate the bioavailability of iron
wresent in concentrated sugar cane juice (CSCJ} produced in Egypt.

2 number of 70 samples of CSCJ werg analyzed for iron by using atomic
absorption flame phatometer .

Weanling male albing cats were used to delermine the availabifily of ironin
CSCJ compared with ammonium  ferric citrate (AFC) Amount of iron from different
sources were offered lo cover the requirements. Improyement in Hb concentration
was 1.956 % with {AFC) aione. The apparent digestibility of irgn was 77.86 % for the
zbove mentioned treatment.

Feeding rats on diets where the main source of iron was CSCJ gave
negalive Hb and negative apparent digestibilities results. The study indicated thal iron
i 2SCJ is not only unavailable but il is suggesiad thal factors prasentin CSCJ
ninder the use of available iron from other sources which are well known 1o have
high ran availability.

INTRODUCTION

'n Egypt CSCJ is produced as a by-product of sugar industry, and is
used for alcohol production, as a Binder in gnimal feed industry, for the
production of fodder yeast and fcr human consumption. Small factories
produce CSCJ {Golden syrup) for human consumption from concentrated
sugar cane. !t was reported that Egypt produced 52297 tons of CSCJ on the
year 1986-1987 (El Ammari efal, 1988). The CSCJ is used for human
cansurmption as it is or as an ingredient in some sweetened products.

In Egyptitis believed that CSCJ nutritionaly is a good source for iron.
No pubiishad work could be traced on the iron content and its availability of
CSCJ produced in Egypt.

The purpose of the present study is to investigate the iron
concentration In concentrated sugar cane juice collected from different
lotations in different governorates in EQypt and its availability.

MATERIALS AND METHODS

Contentrated sugar cane juice {CSGJ):

A numbher  of 70 samples of CSCJ were collected from Cairo
Governorate {Shoubra, Abassia , Heliopolis and Nasr city), Kalubia
Governorate (Kalub) and Giza Governorate( Alokorkas, El-Badrasheen and
El Hawamdia) . |
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Sugar Cane juice:

Sugar cane juice was prepared using suger cane available in Giza
Governorate which was squeezed using woaden squeezer to determine the
amount of iron to be compared by CSCJ content.

Animals:

20 weanling male Albino rats, with an average weight of 75 g (from
Nasr Co. for pesticides, Egypt) were housed individually in plastic cages. Five
rats were allocated for each (treatment. They were fed on the experimental
diets from day one to day four as a pre-experimental period then after 3 hours
fasting they were fed from day five to day nine on the same diet as an
experimental period presented in Table 1.

Faeces were collected from the start of the experimental periad till the
end of the experiment. Samples of bicod were drawn from eyes of the rats at
the beginning and the end of the experimental period. Water was allowed
during the whole period. Three hours fasting period atthe end of the pre-
expenimental perfod and the end of the experimental period was praclised.

Experimental diets and treatments:

Three different amounts of iron (being 186.6, 117.1 and 60.98 mg Fe

/Kg concentrated sugar cane juice were incorporated in diets for treatments

2,3and 4 respectively ,an expense of sucrose and part of starch

Diet (1) a reference diet was formulated according to Eggum (1973)
with @ mineral mixture containing ammonium ferric citrate te supply 19 mg

Fefkg diet with a total 35 mg Felkg diet.

Diet (2):containing 35 mg Fe! kg diet as follows -

19.0 mg Fe /kg diet representing 54.29 % of dietary iron was suppiied by

101.8 g CSCJ oblained from sample no. (68) containing 186.6 mg Fe / kg

while 16.0 mg Fe/kg representing 45.71 % of dietary iron was cbfained from

feed ingredients.
Diet (3): containing 35.0 mg Fe / kg diet as follows:
19.0 mg Fe /kg diet representing 45,71 % of dietary iron was supplied by

162.3 g GSCJ obtained from sample no. (69) containing 117.1 mg Fe /kg

while 16.0 mg Fe /kg representing 45.71 % of dietary iron obtained from feed

ingredients.
Diet (4): containing 35.0 mg Fe/ kg diet as follows -

9.9 mg Fe/kg diet representing 28.29 % of dietary iron was supplied by 162.3

g CSCJ obtained from sample no. (70) containing 60.98 mg Fe/kg. Also 9.1

mg Fe / kg diet was obtained from ammonium ferric citrate representing

26.0% of dietary iron to increase the iron up to the ievel of the reference diet.

While 16.0 mg Fe / g representing 45.71 % of dietary iron was obtained from

feed ingredients.

Measurements:

Food intake of every rat was calculated during the experimental period.

Iron concentration in feed ingredients, concentrated sugar cane juice and
fasces was determined using Alomic Absorption Flame
Photometer {perkin Elmer Model 3300) according to A.Q.AC.
(1990} .
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Hemogtobin concentration (Hb): in|blood samples was determined
according to Decie and Lewis (1973).
Percent of changes in blood Hb was calculated as follows:
Blood Hb at the end of the experiment - Blood Hb at the start. X100

Blood Hb at the start
Apparent digestibility of iron was calculated as follows :

mg Fe in food - mg Fe in faces X 100

mg Fe in food

Table (1) Composition and calculated Fe content of the experimental

diets.
| diet1 | diet 2 | diet3 | diet 4
G/kg

Sucrose 74.0 |
Starch 674.0 | 646.2 | 5857 | 585.7 |
Concentated sugar cane juice (CSCJ)™ - 101.8 1 162.3 | 1623
Maize ol 44.0 | 440 | 440 44.0
Celiulose 44,0 | 440 | 440 | 440
Casein 111.0 | 1110 1110 1110
Min. mixture”” 38.0 - - 38.0
Min._mixture-Fe™ - 38.0 | 380 -
Vitamin mixture 150 | 150 | 150 | 150
Total 1000.0 | 1000.0 | 1000.0| 1000.0
Iron from ammonium ferric citrate (AFC) { 18.0 - - 9.1*
iron from (CSCJ) - 18.0 | 18.0 9.8
iron from ingredients 16.0 | 160 | 160 | 16.0
[Tctal mg Fe/kg diet 350 | 350 | 350 | 350
(1) Mineral mixture- According to Eggum (1973)
{2) Mineral mixture ~ Fe—-srm—---—-—The same as 1, excluding AFC
(3} Vitarmin mixture According o Eggum (1973)

{4)Concentrated sugar cane juice used in experimental diets were those No.68, 69
and 70 shown inTable 2 for diels 2,3 and 4.
{5) * ammonium ferric citrate (AFC.) added to cover 5.1 mg Fe/kg diet.
{6) Diet 2: containing 96.8 mg Fe/Kg from 101.8 g CSCJ.
{7) Diet 2: containing 117.1 mg Fe / Kg from 162.3 g CSCJ.
{8} Diet 4: containing 9.9 mg Fe / Kg {162.3 g) from CSC.J {containing 60.98 mg Fe / kg).
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Table {2): Fe content of the experimental diets and its source.

[Treatment [Total Fe Fe sources in the experimental diets mount of
No. mg/kg cscJ Feed ingredients AFC CSkCJ used
P) g
mgikg [% of mg/ kg [% of g/ Kg % of
iet total Fe [dlet kotal Fe |diet otal Fe

1 35.0 - - 16.0 4571 19.0 54 29 -

2 35.0 15.0 54.29 16.0 45.71 - - 101.8

3 35.0 19.0 54.29 16.0 45.71 - - 162 3

4 35.0 9.9 28.29 | 16.00 | 4571 91 26.0 162.3

AFC : Ammonium ferric citrate.

CSCJ : concentrated sugar cane juice .
All feed ingredient were analyzed for Fe content. Calculations were made for Fe content
of every diet's ingredienls.
Ammonium Ferric citrate (A.F C} was added to increase the added Fe to the leve! of diet's

RESULTS AND DISCUSSION

{1) Iron in concentrated sugar cane juice and sugar cane juice :

Iron concentration in 70 samples taken from different localities

ranged from 25.37 sample {9)to 186.6 mg Fe /Kg sample (68) {Table 3).

The sugar cane juice preduced by squeezing sugar cane in wooden

squeezer (to prevent any iron contaminaticn of the juice) contained 10 mgFe

{Kg

The wide range of iron concentration in concentrated sugar cane

juice may be due to contamination from iron squeezers as well as different
sugar cane breeds and different cultivation localities.
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Table 3: Iron concentration in concentrated sugar cane juice ought
from different localities

Place No. of sample | Fe mg/ concentrated sugar cane juice

1 26.93

26.50

3 27.31

4 33.13

5 33.97

6 30.59

SHOUBRA 7 32.56

, 8 35.74
\ 9 2537

10 2564

{ 11 33.18
| 12 33.42
| 13 48.18
{ 14 46.51
15 26.44

| 16 29.30
| 17 34.48
i 18 34.66
19 36.21

20 38.83

ABASSIA 21 56.28

22 51.18

23 92.92

24 71.20

i 25 104.2
| 26 101.05
i 27 43.49
KALUOB 28 39.14

28 54.78

30 45.36
31 105.66
32 105.16

ABO 33 84.48
KORKAS 34 83.93

35 87.43

36 98.21

[ 37 72.07
38 73.08

39 53.99

’ 40 . 49.28
HELIOPLIS 41 £0.93

42 58.23

43 6875

44 | 64.05

—
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Table (3): Continue
45, 101.01
46. 102.01
47. 3449
48, 45.44
49, 42.62
NASR CITY 50, 47.31
51. 47.83
52. 43.71
53, 58.52
54. 56.26
55, 52.08
56. 86.06
57. 78.85 N
58. 9228 l
59. 103.50
| 60. 102.65
81, 4437
EL- 62, 105. 82
HAWAMDIA 63. 92,76
64. 82.55
65. 38.44
66. 38.82
67. 10.00
68. 186.6
69. 117.1
[ 70. 60.98

(2) Effect of feeding concentrated sugar cane juice with different iron
content on changes in blood Hb concentration:

The percentage of changes in blood Hb concentration in the different
treatments are shown in Table {4}. When iron sources in the rat diet were
from food ingredients (16.0 mg Fe / Kg =45.71% of total iron ) and ammonium
ferric citrate (AFC) (19.76 mg Fe/Kg = 54.29% of total iron in the diet ), having
a total iron supply of 11835 mg Fe / Kg, [treaiment 1] , blood Hb
concentration increased by +1.96% being the highest increase in the present
experiment. Changes in blood Hb in the three treatments were negative,
being —~ 13.74, -16.69 and -10.41 % respectively. For treatments 2 and 3
having the same concentration of iron (i.e. 35.0 mg Fe /Kg diet, respectively)
and also the same contribution to iron from concentrated sugar cane juice
(Ca 54.29 %), the results of Hb were highly negative. Treatment 4 having the
lowest decrease in Hb concentration (-10.41%) .

Feeding diet 4 caused decrease of —-10.41 % in blood Hb
concentration. In treatment 4, CSCJ were added on the expense of sucrose
and part of the starch , the other components were the same as treatment 3.
The recommended requirements being 35mg Fe /Kg diet NRC (1978). The
only factor that may have influenced the availability of Fe in freatment 4 is the
addition of concentrated sugar cane juice.
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Table (4): Average of Hb, changes % and apparent digestibility of
Fe of rats feed CSCJ as a source of Fe compared to those fed AFC

Concentrated sugar | Ammonium ferric | Ghanges in Hb| Apparent Fe
cane juice % Fe citrate % Fe {AFC) [concentration %/ digestibility %
(CSCJ)
1 - 54.29 +1.96 +77.86
2 54.28 - -13.74 -24.40
3 54.29 - -16.69 -29.64
4 28.29 26.0 -10.41 -18.49

(3, Effect of feeding concentrated sugar cane juice with different iron
content on the apparent digestibility of iron:

The apparent digestibility of iron (AD Fe) is shown in Table 4. It can
be noticed that the AD Fe for treatment 1 using the reference diet was the
highest when compared with other treatments, being 77.86 %, when using
AFC as the main source of iron (composing about 54,29% of total iron in diet
1)

The apparent digestibilities of iron (AD Fe) in treatments 2 and 3 were
negative, where concentrated sugar cane juice supplied iron in addition to the
content of food ingredients  This emphasis that iron in concentrated sugar
cane juice is poorly digested.

When concentrated sugar cane juice was added to contribule 28.29
% of the total iron in diet 4, while AFC contributed 26.0 % the AD Fe was
reached to — 18.48%. It is rational to assume that the negative digestibility
may be due to the inclusion of CSCJ in treatment 4. This could be
interpretated in (@) iron in concentrated sugar cane juice seems to be in a
form poorly digested and / or (b) factors found in concentraled sugar cane
juice that negatively affect the digestibility of iron .

Most of the work carried out on iron availability, used the changes in
heamoglobin concentration (Fritz et al, 1970), or the relative bioavaiiability
value, i.e. hemoglobin concentration of differenl levels of reference salt
{FeSQ4 .7H;0, compared to the hemoglobin concentration in the sample. Also
tracing techniques using *Fe has been reported In literature (Pla and Friz,
1970, Gislason et ai., 1992and Ammerman ef al., 1967).

in the present work two measures used, ie. changes in Hb
concentration and iron digestibility. The comparison of the itwo measures
{Table 4) gave almost the same trend.

CONCLUSION

From the results obtained in the present study it is clear that we have
put the bioavailability of iron in concentrated spugar cane juice in our
consideration . Moreover, the results obtained give the impression that other
factors in concentrated sugar cane juice may hinder|the use of the available
ron from other sources, with different plan of | nutrition and different
management conditions. More detailed work in this respect is required.
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