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ABSTRACT

INTRODUCTION

Mango (Mangifera indica L. Anacar-
diacea) is one of the most important tropical
fruits in the world and currently ranked 5 in
total world production among the major fruit
crops (FAQ, 2004). According to mango
varieties, the seed represents from 10 to 25%
of the whole fruit weight (Hemavathy er al.,
1988). The seed presents from 8.1 to 23.2% of
the whole fruit weight according to mango
varicties. The kemel inside seed represents
24.1 to 50.0% of the seed and 12.5% of whole
fruit (Arogba, 1997).

In Egypt, more than four million tons
of mango fruits were produced in 2004/2005
(Anon, 2005). After consumption or industrial
processing of the fruits, considerable amounts

of mango seeds are discarded as waste
(Puravankara et al., 2000).

Conceming the chemical composition
of mango seed kemels, scveral were carried
out in order to utilize mango kernels in food
industry. The kemel contains considerable
amounts of starch, protein, fat and ash, These
kernels depending on the vanety contain on
average 5.7-6.8% protein, 7.5-9.3% fat, 1.3-
2.0% crude fiber, 2.2-3.1% ash and 75.2-
79.9%  carbohydrates  (Bhatnager and
Subramanyam, 1971 and Augustin and Ling,
1987). Depending on their varicty, mango
sced kernels contain 6.0% protein, 11.0% fat,
770% carbohydrate, 2.0% crude fiber and
2.0% ash, on a dry weight average (Zein ef al.,
2005}, - :
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Abdalla er al. (2007) reported that the
moisture content of fresh mango seed samples
was on average 30.7% while the moisture
coutent of dried mango seed kemels powder

samples was on average 8.5%. Crude protein,

total lipid, crude fiber and ash contents of
mango seed kernels were found to be 6.7%,
12.3%, 2.7%, and 2.5% on a dry weight basis,
respectively. Mango seed kemels contained
112 mg total polyphenols per 100 g dry seed
kernel powder.

Hammam (2007) found that mango
seed kemel flour contained 35.7% moisture,
11.17% fat, 7.0% protein, 1.29% ash, 4.75%
crude fiber and 70.09% carbohydrates (on dry
weight basis). Besides these constituents the
mango kernel powder also contained 0.21%
total phenolic compounds

Although mango seed kernels have a
low content of protein, the quality of protein is
good (Seleim ef al, 1999). The amino acid
profile of different varicties of mango seed
kernel protein contains the most of the
essential amino acids, with highest values of
leucine, valine and lysine (Diaz and Coto,
1983 and Shahinaz, 2001). Also, El-Soukkary
et al. (2000) reported that mango seed kemels
had high lysine content (3.479/100 g) and
amino acid score (63.1%) compared with
wheat flour (2.05 g/100 g) and (37.27%),
respectively. Rukmini and Vijayaraghavan
(1934) indicated that mango seed kemnel fat is
promising and a safe source of edible oil and
was found to be nutritious and non-toxic so
that it could be substituted for any solid fat
without adverse effects.

Dhingra and Kapoor (1985) reported
that the mango seed kemel had 5% protein, 6-
7% fat, and 0.19-0.44% tannins. Arogba
{2000) found that moist heat at 90°C
inactivated PPO by 50% of its maximum
activity within 3 min. Furthermore, up to 90%
inactivation could be achieved after 5 min of
water blanching, thereby reducing significan-
tly the rate of undesired browning leading to
tannin formation. Watcr-blanching would
advantageously leach soluble tanmc substan-
ces into the soak-water.
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Mango seed kemnels were shown to
be a good source of polyphenols, phytosterols
as campesterol, b-sitosterol and tocopherols
(Soong et al., 2004).

Soong et «l (2004) suggested that
mango seed kemel could be used as a
potential source for functional food ingre-
dients due to its high quality of fat and protein
as well as high levels of natural antioxidants.
Moreover, Zein ef al. (2005) published that
soaking and boiling treatments had a great
impact in reducing of the anti-nutntional
factors. So the processed flour could be a
principal ingredient for making products such
as cakes and cookies for infants and adults and
also other products such as bread and pastry.

Various studies reported that mango
secd kemels contain different phenolic com-
pounds and stable fat rich in saturated fatty
acids so that it can be a good source of natural
antioxidants (Parmar and Sharma, 1984;
Puravankara e/ al., 2000; Nunez-Selles, 2005
and El-Bastawcsy ef al., 2007),

The chemical composition of
American wheat flour (72% extraction) was:
9.86-11.57% protein, 0.52-0.75% ash, 1.13-
128% fat, 040-046% fiber and 74.03-
86.00% total carbohydrates (on 14% moisture
basis) (Hassanen, 1998; Abd-El Rahim et g/,
2001 and Doweidar, 2001)

The performance of mango kernel
flour in biscuit-baking was conducted by
Arogba (1999). The biscuit was contained
equal proportion (50:50) of the processed
mango kernel flour and wheat flour. The per-
centage proximate composition of both bis-
cuits was not similar. Thus, moisture, protein,
fat, fiber, ash and total carbohydrates were
5.0-7.7, 4.0-6.8, 18.2-29.5, 0.1-1.0; trace-1.1
and 61.4-65.2%, respectively

Therefore, this study was a tral to
utilize some food industries wastes namely
mango seed kemels meal as untraditional
supplement in biscuit making.
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MATERIALS AND METHODS

Materials:

Wheat flour (72% extraction rate),
egg, sugar, corn oil, skimmed milk nowder,
ammonium bicarbonate and vanillia obtained
from local market from Tukh Kalyobia,
Egypt.

During the summer scason of 2008,
about 200kg seeds of mango fruits (Zebda
and Balady) as waste were obtained from
Kaha Company for Food Preservation, Kaha,
Kalubyia Governorate, Egypt.

Methods:
Preparation of mango seed kernels:

The seeds were washed and air dried
and the kemels were removed manually from
sceds. The kernels were divided into three
parts, first part without treatment (control),
second part was soaked in tap water for 48 hr
at room temperature (26+2°C) and third part
was soaked in sulphited tap water (0.73 g/liter
sodium metabisulfite) for 48 hr with occa-
sional decantation and replacement with an
equivalent amount of water until the water

Te A): Formula of different biscuit blends (g

remained colorless. During soaking period,
samples were -withdrawn at’ 24 and 48 hr
according to the method described by Arogba
(1997).

Part of each of raw kemels (control),
cither kemels soaked in tap water and in
sulphited tap watcr after 48 hr were auto-
claved at 100°C for 30 minutes, cut to small
parts and dried at 60°C in electric oven for 12
hr. The dried kemels for three parts were
ground in a hammer mill (Apex Wiley pro-
vided with a 100 mesh sieve) for a powder
form. The produced meal were kept in poly-
cthylene bags unti! used.

Preparation of biscuit:

The prepared milled seeds were used
in the preparation of biscuit. Biscuits were
prepared according to the standard procedure
for semi hard sweet biscuits (tea biscuits)
(Tbrahim, 2003). Four biscuit blends were pre-
pared according to the formula shown m
Table (A},

Components Blends
. Control 2 3 4

I Wheat flour (72% ext.) 100 95 0 85 30
Mango seed kernels meal - 5 10 15 20
Sugar 30 30 30 30 30
Corn oil 15 15 15 15 15
Skimmed milk powder 05 0.5 0.5 0.5 0.5
Ammonium bicarbonate 0.66 0.56 0.66 0.66 0.66
Sodium bicarbonate 0.33

|| Fresh whole egg

Chemical analysis:

Moisture, crude protein, ether extract,
ash and crude fiber contents were determined
according to the methods of A.0.A.C. (2000).
Total carbohydrates were determined by
difference,

Minerals (Sodium, potassium, cal-
cium, Magnesium, manganese, iron, zinc,
copper and nickel) contents were determined
as described by A.O.A.C. (2000) using a Pye

Unicom SP 19000 atomic absorption spectros-
copy in Food Technology Rescarch Institute,
Agriculture Research Center, Giza, Egypt.
Phosphorus was determined colorimetrically
according to the methods described In
A.0.A.C. (2000).

Energy values:

Total caloric estimates (kcal) for
biscuit were calculated on the basis of a 100 g
sample using Atwater values for fat (9 kecal/g),
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protein (4.02 kcal/g) and carbohydrate (3.87
keal/g) (Mansour and Khalil, 1997).

Encrpy values = (carbohydrate X 3.87) +
{protein X 4.02) + (fat X 9)

Determination of tanains:

Tannins in the methanol extracts was
measured according to the vanithn method of
Price ef al. (1978). The developed color was
read at 500 nm after 20 min at room tem-
perature. A standard curve was prepared using
catechin. Tannin content was expressed in mg
catechin equivalents,

Determination of phytic acid:

Phytic acid was estimated colori-
metrically using Wade reagent (Latta and
Eskin, 1980).

Determination of total phenols:

The polyphenolic compounds were
determined as described by Swain and Hills
(1959).

Determination of amine acids composition:
Ammo acids composition was deter-
mined according to the method described by
Ozols (1990) using Beckman amino acid
analyzer (Model 119 CL) at the Alexandria
University. One hundred milligrams of ground
samples were hydrolyzed, filtered through a
Whatman No. 42 and diluted to 25 ml. Two
milliliter of filtrate was placed in a vacuum
desiccators until dryness. The dry residue was
dissolved in a 5 ml sodium citrate buffer (pH
22) and used for amino acid analysis.
Tryptophan was colorimetrically determined
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in the alkaline hydrolysate of samples accor-
ding to the method of Blouth er al, (1962):

Organoleptic evaluation:

The organoleptic characteristics of
biscuits were determined, using a taste panel,
consisting of 10 judges. The panclists were
asked to evaluate the products for appearance,
colour, texture, flavour and overall accepta-
bility. The ratings were on a 9-point hedonic
scale, ranging from 9 (like extremely) to 1
(dislike extremely), for each organoleptic
characteristic according to the method of
Austin and Ram (1971) as mentioned by
Hooda and Jood (2005) and Sudha ef ol
(2007).. Results were subjected to analysis of
variance.

The 9-point hedonic scale {Stone and
Sidel 2004) is as follows;
(9) Like extremely. (8) Like very much.
(7} Like moderately. (6) Like slightly.
(5) Neither like nor dislike.
(4) Dislike slightly.
(3) Dislike moderately,
{2) Dislike very much.
(1) Dislike extremely.

Statistical analysis:

ANOVA was applied on data of
effect of scaking treatments and heating in
autoclave on antinutritional matters in mango
secd kemels and organoleptic evaluation of
different samples of biscuit which were
treated as data for complete randomization
design. Least significant difference (L.S.D.)
was calculated at 0.05 level of significance
according to Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

Effect of soaking and heating in autoclave
on antinutritional matters in mango seed
kernels:

Some antinutritional substances in
mango seed kernels meal must be determined
to evaluate these wastes as safety food ingre-
dients for human utilization (El-Bastawesy ef
al., 2007). In this study treatments such as raw
seed kemels (control), soaking in tap water for
24 and 48 hr, soaking in sulphited tap water
for 24 and 48 hr, raw afler treatment in

autoclave, after soaking in tap water for 48 hr
and after soaking in sulphited tap water for 48
hr were applied and the results are presented
in Table (1). It was observed that soaking
either in tap water and in sulphited tap water
had reduced tannins (46.05 and 45.70%),
phytic acid (38.84 and 39.29%) and total
phenols (30.56 and 33.33%) after 48 hr,
respectively, Also, heating in autoclave had
reduced tannins (91.06, 93.64 and 93.47%),
phytic acid (87.57, 8036 and 81.25%) and
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total phenols (91.66, 93.06 and 93.06%), for
Taw, Suaked in tap water for 48 hr and soaked
in sulphite tap water for 48 hr, respectively.
These results are in agreement with Arogba
(20003.

Data in Table (1) indicate that highest
removing percentage of antinutritional matters
was obtained by autoclaving. There arc no
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significant  (p>0.05) differences  between
autoclaved samples without or with soaking in
tap water or sulphited tap water for 48 hr. So
that it could recommend to use heating in
autoclaye at 100°C for 30 min to remove more
than 78% of antinutritional matters in prepa-
ring mango seed kernels to be used in biscuit
production.

Tabie (1): Eﬂ'ect of soaking treatments and heating in autoclave on antinutritional matters

(‘omponents

Treatments

Removing

Total
phenols

Phytic %
acid Removing

Raw seed kernels
{control)

5.82:40.03 a -

224002 a - 0.72+0.02 a

After soaking in

water for 24 hr 3.78£0.02b

1.75+0.02b 0.64:0.01 b

After soaking in

water for 48 hr 3.1440.02 ¢

1.3740.01 ¢ 050001 ¢

After soaking in
| sulphite tap water
for 24 hr

3.76:0.04 b

1.7620.02 b 0.60+0.01 b

After soaking in tap
water sulphite
for 48 hr

3.1650.01 ¢

1.36+0.03 ¢ 0.48+0.02 c

Raw after treatment

in autoclave ( 0.5240.02d

0.48+0.02d 0.06x0.01d

After soaking in
water for 48 hr and
autoclaved

0.37:0.02d

044001 d 005001 d

After soaking in
sulphite tap water
for 48 hr and
autoclaved

0.38+0.01d

042+0.02d 0.05+0.02d

L.S.D. at (P<0.05)

0.04

a, b ¢ and d: Therc is no s:gmﬁcant dlfference (P>0 05)bctween any two means, mt}nn the

same column.

Chemical composition of raw materials:

Data in Table (2) show the major
components of mango seed kemels meal were
carbohydrates (76.30%) followed by ether
extract (10.31%), crude protein (7.23%), crude
fiber (3.95%) and ash (2.21%). Data in the
same table indicate that mango seed kernels
meal had higher ether extract, ash and crude
fiber contents compared with those of wheat
flour.

Generally the obtained values were in
line with those reported by Van Pee et al
(1981) and El-Soukkary ef al. (2000). While,
Arogba (1997) had higher value of fat (14.0%)
and lower value of protein (5.3%), Crude fiber
content of mango sced kernels meal (3.95%)
(Table 2} was higher than that reported by the
previous investigators, but it is lower than the
value of 4.75% reported by Hammam (2007).
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Table (2): Grass chemicai composition of wheat flour and mango seed kernels meal (Gross

meantSE),

Components Wheat flour

Mango seed kernels m'eai'l"'ﬁfter -
" treatment by autoclave

Moisture 11.944:0.36

7.86+0.21

Crude protein* 10.26£0.18

7.23+0.19

Ether extract* 1.08+0.16

10.31%£0.32

Ash* 0.56+0.08

2.2110.18

Crude Aiber* 0.42+0.10

3.95+0.16

Carbohydrate*® 87.68

*: On dry weight basis.

Minerals content:

Data in Table (3) represent the mine-
rals content of wheat flour and mango seed
kernels meal after treating by autoclaving, It is
clear that mango seed kemels meal was
superior in potassium, calcium, magnesium,
manganese, iron, zinc, copper and nickel,
while, wheat flour (72% extraction) was
superior in sodium and phosphorus. These
results for wheat flour (72% extraction) are in

Minerals

Wheat flour

®, Carbohydrate by difference

Table (3): Minerals contents of wheat flour and man

76.30

agreement with those reported by Cara ef al
(1992). Generally, from these results, it could
be observed thai calcium, iron, zinc contents
of mango seed kernel were found to be in a
high guantity. These results are in accordance
with these of El-Bastawesy ef al. (2007).
Therefore it could be mentioned that forti-
fication of wheat flour with mango seed
kernels meal can produce biscuits with high
levels of minerals.

0 seed kernels meal (mg/100 g).

Mango seed kernels meal after
treated by autoclave

24.62

10.08

142.38

367.82

13.10

57.24

136.24

142.16

114.22

100.22

0.68

0.84

0.70

0.60

0.51

0.49

0.30

0.28

0.07

Amino acids composition:

Data in Table {4) indicate the amino
acids composition of mango seed kemels
meal. Data showed that mango seed kemels
meal protein was considered a poor source of
methionine, cystine and tyrosine. On the other
hand, leucine and isoleucine are the predo-
minant essential amino acids. Lysine (5.68%)
was higher than that of wheat flour (2.63%).
Also, essential amino acids represented
39.34% of total amino acids. The most of
essential amino acids were higher levels than
mm the FAQ (1993) reference. Among most
non-essential amino acids content were higher

0.04

in mango seed kemecls meal compared to
wheat flour. However, when amino acids were
compared with those of whole egg protein
(FAO, 1973), methionine, valine, isoleucine,
lysing, threonine and phenylalanine were
present in lesser amounts but tryptophan,
histidine and cystine in greater amounts.

These results were parallel with those
reported by Arogba (1997) They found that
amino acids presented in the greatest amount
in mango seced kemnels four protein were
glutamic (24.27-27.5%) and aspartic (13-
15%).
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Table (4): Amino acid composition of mange seed kernels meal compared with wheat
flour, whole egg protein and FAO reference protein {g amino acid per 100 g

FAD
reference
protein***

Wheat flour
12%*

Whole egg
protein**

Mango seed |

Amino acids
kerpel

| Essential amine acids:

6.93
523
1.18
4.15
5.68
3.24
2.95
5.96
1.70
2.32

7.18
3.08
175
4.90
2.63
2.98
333
4.90
1.23
2.80

Isoleucine
 Methionine
Phenylalanine |

Threonine
Tyrosine

Tryptophan

Cystine

Non-essentizl amino acids;
Aspartic

Glutamic

Serine

Proline

Glycme

9.21

21.62
483

4.83

470

438

325

7.84
39.34

; Total essential amino acids %
| Total non-essential ao acids %

* Source: Paul and Southgate (1979).

» FAO (1973). =+ FAQ (1993)
Chemical compesition of biscuits produced
from soft wheat flour 72% extraction rate
substituted with mango seed kernels meal.

It was found that, ether extract, fiber
and ash increased with increasing the different
levels of mango seed kemels meal While
crude protein and total carbohydrates decrea-
sed with increasing the level of mango seed
kernels meal levels.

Data in Table (5) indicate the chemi-
cal composition of biscuits as influenced by
different levels of mango seed kernels meal.

Table {(5): Chemical compesition of biscuit produced from soft wheat flour 72% extraction
rate substntuted mth mango seed kernels meal (meant).

e ———————————tpe—

Control Treatments
2 3

5.5020.23

5622021

5.78+0.26

5454018

8.41+0.18

8.35+0.12

8.2840.15

8,18+0.20

12.060.14

12.38+0.10

12.66+0.16

12.90+0.31

0.50+£0.06

0.58+0.05

0.634+0.06

0.70=0.06

1.0820.06

1.12+0.08

| 120005

1.31+0.04

77.95

77.57

X

76.89

444.01

b &
*: On dry wmght basis.
Control : 100% Wheat fiour 72% extraction rate.

1: 95% wheat flour + 5% mango seed kemels meal.
3: 85% wheat flour + 15% mango seed kernels meal.

445 18

446 1l

446.35

2: 90% wheat flour + 10% mango seed kemels meal.
4: 80% wheat flour + 20% mango seed kernels meal,
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Organoleptic evaluation of biscuits produ-
ced from soft wheat flour 72% extraction
rate substituted with mango seed kernels
meal,

The sensory characteristics, i.¢. color,
texture, taste, flavor, appearance and overall
acceptability of biscuits prepared from wheat
flour containing mango kernels meal with
different levels were evaluated by ten panelists
and the data obtained were statistically analy-
zed as shown in Table (6).

The obtained data could be noticed
that supplemented with 5% mango seed
kernels meal to soft wheat flour 72%

.Table (6):

wuth dlﬂ‘erent levels of man
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extraction rate produced biscuits with average
grade of like very much for all the evaluated
attributes  without significant difference
(p>0.05) compared to control. In spite of,
addition of mango seed kernels meal up to
10% showed significant decrease (p<0.05) in
some sensory atiribuies of biscuits, average
grade of all quality aftributes were greater than
7. This indicates that the produced biscuit with
10% mango seed kernels meal has like mode-
rately quality grade. Also, biscuits supple-
mented with mango seed kernels meal until 15
and 20% have significant differences
(p<0.05), compared to control, but they obtai-
ned like slightly quality grade.

Sensory evaluation of biscuits produced from soft wheat flour supplemented
0 seed kerne!s mca! (meaniﬁE)

Color

Texture

Taste

Fiavor

Appearance

891:0.11a

3.8710.12a

8.78x0.12a

3.87+0.14 a

8.82:0.11a

8.33x025a

8.73+0).16 a

8.64+0.24 a

8.73+0.14 a

8.55+0.23 a

8.39+0.13 ab

7.34:0,15b

8.60+0.24 a

84640192

8.55+0.32 ab

7.5240.16 b

7.87:022 b |

6.57+0.19¢

797+0.17 b

7.92+0.27b

8.42+0.24 ab

6.71+0.15 ¢

7.22+0.18 ¢ |

3631024 d

7112014 ¢

7.38+0.15¢

8.08+0.16b

5.7240.09d

6.80+022 ¢

a, b, cagd d '.[herc is no stgmﬁcant dxifetence {P<0.05) bew.een any two means, wuhm the same cqumn have thc
same lefter

Control : 100% Wheat flour 72% extraction rate.
1: 95% wheat flour + 5% mango seed kemels meal.
3: 85% wheat flonr + 15% mango seed kernels meal.

2 90% wheat flowr + 10% nango seed kernels meal.
4: 80% wheat flour + 20% mango seed kernels meal,

CONCLUSION

The obtained results were a trial to
utilize mango seed kernels meal in biscuit

pollution due to mango processing waste.
Also it partially dissolves the problem of

production which could be used at level 10%.  deficiency in wheat production.
This help to minimize the environmental
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