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ABSTRACT : Optical properties like colour are used to evaluate the quality of the product, set of storage
conditions or other post harvest variables. The protein enriched Banana bar was prepared using three differ-
ent combinations of sugar, Citric acid and soymilk as per standard method. The prepared pulp was dried in
cabinet dryer at 60oC.  The pre-requisite samples of protein enriched Banana soy bar were taken for the
measurement of color using Hunter Lab in terms of CIE ‘L*’ (lightness), ‘a*’ (redness and greenness), ‘b*’
(Yellowness and blueness) values. The prepared banana-soy bars were kept for storage at ambient condi-
tions for 3 months to study the change in colour during storage, if any. At the interval of fifteen days the
samples were taken from the lot and the color values were measured for a storage period of 3 months with
the standard procedures reported earlier. The hunter color values just after preparation of soy fortified ba-
nana bar in terms of L*, a* and b* were found to be 49.39, 8.41 and 22.62 for Banana-soy bar (B1); 48.52,
3.07 and 25.84 for Banana-soy bar (B2); and 52.08, 2.44 and 20.45 for Banana-soy bar (B3) respectively.
The color value after a storage period of 3 months in terms of L, a, and b were measured as 49.19, 8.51 and
22.90 for Banana-soy bar (B1); 47.98, 3.11 and 26.03 for Banana-soy bar (B2); and 52.00, 2.49 and 21.03
for Banana-soy bar (B3) respectively. It was clearly observed that, the banana soy bar fortified with 10%
soymilk was lighter and bright in color.
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Food color not only helps to determine quality, it
can tell us many things. It is also well known that pro-
cessing can be responsible for change in some quality
attributes of processed product. The loss in intensity of
the product color seems to be related to the chemical or
physical changes. Different mechanisms are respon-
sible for explaining these changes and the physical
state of carotenoids (Shi and Le Maguer, 2000). Al-
though a great number of studies deal with the influ-
ence of processing on carotenoids and oxidation
(Rangana, 1995; Nguyen and Schwartz, 1999), very
few data are available to describe the effect of storage
on processed products color like fruit bars. However
the main mechanism behind color changes has not
been completely understood (Manzocco et al., 1999).

The main objective of this study was to investigate
color changes taking place during storage of Banana–
soy bar and color affected by various combinations.

Materials and Methods
Procurement of material

High quality ripe bananas were procured from lo-
cal fruit market, Bhopal. For enrichment of bar with
soy protein, soymilk was used and procured from Soy-
bean Processing & Utilization Center, CIAE Bhopal.

The Bananas were processed for fruit bar making
as per flow chart (Fig.-1) using The protein enriched
Banana bar was prepared using three different combi-

BANANA SHORTING AND GRADING

 
Washing with chlorine water

 
Peeling

 
Dipping for 10 min in 0.3% citric acid solution

 
Mix the pulp

 
Add the sugar and Citric acid

      Add the soymilk      

Stir continuously, boil the mixture
till it reach to 30°Brix

 
Spread th pulp on tray and dry it

 
Cool the dry sheets and cut into square pieces

 
Packaging, Sealing and Lebeling is followed

 
Store at room temperature

Fig.-1 : Flow chart for the preparation of
banana fruit bar.
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nation of sugar, Citric acid and soymilk as per standard
method given in Table-1 yielded quality bars which
were selected for studies.
Table-1 : Preparation of pulp mix for final bar.

Treat- Sugar, Citric acid, Soymilk,
ments % % %

B1 25 0.3 Nil
B2 25 Nil Nil
B3 25 Nil 10

Measurement of color
Principle of operation: This is based on the prin-

ciple of reflection of light. The light is reflected to the
sensor and the sensor in turn read the product charac-
teristics and determines the value of L, a, b, and gives
the color of the product (Fig.-2).

Hunter Lab performs integration of reflectance /
transmittance values over the visible spectrum to arrive
at tristimulus X, Y and Z values. These values simulate
the colour matching response functions of human ob-
servers as defined by the 1964 CIE 10° standard ob-
server  (Anonymous, 1998).

The opponent – colour scale gives measurement of
colour in units of approximate visual uniformity
throughout the colour solid. Thus in the Hunter Scale
‘L’ measures lightness and varies from 100 for perfect
white to 0 for black, approximately as the eye would
evaluate it. The chromaticity dimensions (a and b) give

understandable designations of colour as follows:
’a’ measures redness when positive, gray when zero

and greenness when negative.
‘b’ measures yellowness when positive, gray when

zero and blueness when negative.
The relationship between the CIE Lab scale and the

CIE XYZ scale for any illuminant referenced in ASTM
E 308 is as follows–
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where  X, Y, Z are CIE tristimulus values : Xn, Yn
and Zn are tristimulus values of the standard illuminant
Procedure for Color measurement

The samples of Banana soy bar were taken for the
measurement of color  using Lab Scan XE
spectrocolorimeter (Model No. LX16244, Hunter Asso-
ciates Laboratory, Virginia) in terms of CIE ‘L*’ (light-
ness), ‘a*’ (redness and greenness) and ‘b*’ (Yellow-
ness and blueness). The CIE 1976 L*, a* and b* scale
is recommended by the Commision Internationale de 1’
Eclairage (CIE) (Anonymous, 1998). Sensor was stan-
dardized with a white and black tile to measure the
color. Fruit color at four different orientations was mea-

Fig.-2: L, a, b Color Solid
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Fig 3: Change in 'L' color value of Banana-soy bar during storage
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Fig 4: Change in 'a*' color value of Banana-soy bar during storage
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Fig 5: Change in 'b*' color value of Banana-soy bar during storage
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sured after procurement by placing the fruit over the 10
mm aperture of sample measurement port of the colo-
rimeter. Average L*, a*, b* values of ten tomato puree
samples from each blanching treatment were reported.

Results and Discussion
This study indicated the hunter values of fresh

peeled Banana and protein enriched Banana bar using
three different combinations of sugar, Citric acid and
soymilk as per standard method. (Table-2). The posi-
tive’ L’ value indicated the light color of the product.
The fresh peeled banana has higher ‘L’ value of 60.52
indicated desirable characteristics. The overall hunter
values of Banana-soy bar are near similar. The hunter
color values just after preparation of soy fortified ba-
nana bar in terms of L*, a* and b* were found to be
49.39, 8.41 and 22.62 for Banana-soy bar (B1); 48.52,
3.07 and 25.84 for Banana-soy bar (B2); and 52.08,
2.44 and 20.45 for Banana-soy bar (B3), respectively.
The color value after a storage period of 3 months in
terms of L, a, and b were measured as 49.19, 8.51 and
22.90 for Banana-soy bar (B1); 47.98, 3.11 and 26.03
for Banana-soy bar (B2); and 52.00, 2.49 and 21.03 for
Banana-soy bar (B3), respectively.  The red colour rep-
resented best by positive ‘a’ value was high and ranged
between 8.41 to 8.51 for Banana-soy bar B1 during 3
months of storage. It was indicated that the Hunter a

values of Banana-soy bar B2 and B3 combinations are
near similar and produced very good results. After 3
months of storage there was minimal change in the
color values of Banana-soy bar (Fig.-3 to 5) with out af-
fecting the acceptable color attributes of the bar. The
banana-soy bar fortified with 10% of soymilk showed
color stability during storage as compared to others. It
was clearly observed that, the banana soy bar (B3) was
lighter and bright in color.
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Table-2 : Hunter colour values of Banana-soy bar during storage.

Product L* a* b*

Fresh peeled Banana 60.52 1.93 19.62
Banana-soy bar, B1 (25 % sugar and 0.3 % Citric acid) 49.39 8.41 22.62

1st month 49.31 8.48 22.63
2nd month 49.27 8.51 22.82
3rd month 49.19 8.51 22.90

Banana soy bar, B2 (25% sugar) 48.52 3.07 25.84
1st month 48.22 3.10 25.85
2nd month 48.13 3.11 25.85
3rd month 47.98 3.11 26.03

Banana soy bar, B3 (25% sugar and 10 % Soymilk) 52.08 2.44 20.45
1st month 52.01 2.46 20.43
2nd month 52.00 2.47 21.03
3rd month 52.00 2.49 21.03


