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Abstract: The present work was carried out at Giza Agricultural Research Station, Giza Governorate, Egypt, to evaluate using
different forms of sweet sorghum syrup for making cake. Two forms of sweet sorghum (Roma variety) juice were used as a sugar
replacement with ratio (10, 20, 30 and 40%) for syrup and (25, 50, 75 and 100%) for freeze-dried juice. Results showed that the
syrup and freeze-dried juice were rich sources of both sugars and minerals which give its physico-chemical characteristics a wide
spectrum of utilization in foods. The chemical properties indicated that the freeze- dried juice contained the highest value of
sucrose, glucose, fructose, crude protein, phenols and minerals (K, Ca and Fe) followed by syrup, respectively. Meanwhile freeze-
dried juice product gave the highest value for HMF. The physical properties indicated that the sweetness acceptability and power
sweetener—were higher in freeze-dried juice than syrup. The colour evaluation indicated that, the degree of browning and
darkening is higher increased with syrup followed by freeze-dried juice. In regard to physical properties of cakes prepared with
forms of sweet sorghum, the height, volume and specific volume of cake slightly decreased by sugar replacement up to 20% for
syrup and 50% for freeze-dried, while the weight had significantly increased. Concerning crust and crumb color, the results
indicated that a darker crust and crumb were increased with the increase of substitution levels. So, the cake applications with
sweet sorghum forms of syrup are a suitable source for adding color to the cake by previous substitution levels that do not affect
the quality. Organoleptically, cake showed insignificant difference between control (sucrose) cake and replacement with syrup (up
to 20%) or freeze-dried juices (up to 50%), where it had high scores for crust and crumb color, texture, taste and flavor of cake.
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Abazied [3] found that, sorghum syrup prepared from dough
ripening stage had reasonable quantity of simple sugars and it
had acceptable quality resembling to cane syrup (treacle) that is
found in the local market in Egypt and more economical to grow
than sugar cane. Helmy [20] found that sucrose content in syrup
of studied sweet sorghum varieties ranged from 27.03 to
30.63%, purity of syrup ranged from 36.03 to 40.83% and
reducing sugars was between 31.60 and 35.54%. Al-Askalani
and Khalil [7] evaluated the juice quality of fifteen sweet
sorghum varieties and found that, TSS was (19.43 - 12.37%),
sucrose (8.4 - 17.3%), reducing sugar (1.01 - 3.20%), and non-
sugar substances (5.30 - 6.06%). Makori [26] showed that
higher glucose and fructose of sweet sorghum juice is better to
produce good quality of syrup, where Elena [15] found it can

1. Introduction

Sweet sorghum {Sorghum bicolor L. Moench} is a good
multipurpose crop for production of grains, bagasse, syrup, and
ethanol [3]. Almodares and Hadi [8] stated that, sweet sorghum
has many criteria, it is easy cultivation by seeds, low fertilizer
and water requirements, growth on marginal lands under various
environmental stresses, short growth cycle (90 to 150 days) after
planting (depending on variety and environment) that allows the
possibility of multiple crops per season or rotation with other
food or non-food crops, efficient C4 photosynthetic pathway and
has wide geographical suitability. Sweet sorghum juice, was
explored as a source of sugar alternative for food and beverage
industry [14], the juice yields of sweet sorghum harvested at soft X . 1 .
dough stage ranged from 7481 to 12626 liters/ha and 8587 to ~ Use partially substitute the sugar by syrup in food industry.
13368 liters/ha in M81E and Topper varieties, respectively [9]. ~ Hatamipour ez al. [19] found that the concentration of sweet
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sorghum juice decreased water activity and as a result microbial
spoilage therefore; increasing the shelf life of the products.

Wilhelm et al. [37] reported that freeze drying method can
produce high quality dried products. Thus, it is the preferred
drying method for some high value materials. Khuenpet et al.
[22] illustrated that sugarcane juice powder can be
manufactured using the spray drying technique. In addition,
the specific energy cost will be reduced if the sugarcane juice
is concentrated by the evaporator before the spray drying
process and also if the powder recovery percentage increases.

Sucrose plays a key role in cakes; it helps good
incorporation of the air, so creating a more viscous and stable
sponge [31]. In addition;—sucrose can retard gelatinization of
the starch during baking, allowing better expansion of the
bubbles due to the pressure generated by carbon dioxide and
water vapour before the cake sets as Kim and Walker [23]
explained. The stalk juice of sweet sorghum is rich in sugar,
phenolic compounds with antioxidant and antiradical activities
and also some minerals, which is considered an encouraging
factor for uses in bakery industry [9]. In fact, it is suitable to
utilize the sweet sorghum juice and its products as natural
sweeteners in food industry, especially in high sugar bakery
products as cakes in order to meet the sugar demands and close
the vast gap between the production and consumption. Sweet
sorghum syrup has physico-chemical characteristics that allow
for wide exploitation in dessert and bakery industry [6]. El-
Geddawy [16] found that sorghum syrup is easily substituted
in recipes for cookies, biscuits, sweet bread, and candies as
sugar substitute in other food products acceptable
physiochemical and organoleptic properties.

The present investigation was carried out to evaluate
different forms of sweet sorghum syrup i.e. (syrup and
freeze-dried juice) which can be used as a sugar substitutes in
cakes as well as to study their effects on cake quality.

2. Materials and Methods

The current study was carried out at Agricultural Research

Station, Giza governorate, Egypt, to evaluate different forms
of sweet sorghum juice i.e. syrup and freeze-dried juice as a
sugar substituted for making cake with a good quality. Roma
sweet sorghum cultivar (Sorghum bicolor L. Moench) was
used for this study. It was sown at the 1% week of June, 2016
and harvested at dough stage (after 120 days of planting).
Cake ingredients were purchased from local market.
Sweet sorghum products prepared as follows.

2.1. Extraction, Filtration and Clarification of Juice

The millable stalks were stripped and squeezed by electric
three- roller horizontal mill, the extracted juice was drained
through fine meshed screens or layers of cheesecloth into a
large holding stainless steel tank then, the juice was clarified
by treating extracted juice with calcium hydroxide solution
0.1 N according to Helmy [20].

2.2. Syrup Processing

The clarified juice was evaporated to obtain syrup with
73% brix according to method described by Abazied [3].

2.3. Preparation of Freeze-dried Juice

Clarified sweet sorghum juice was evaporated by rotary to
(73° Brix) then dried firstly by freezing and water portion
separation, and then the concentrated portion was dried by
oven under vacuum at 40°C to reach a complete dryness.

Amounts of sweet sorghum products: were determined by
weighing the syrup or freeze-dried product which gave 0.452
kg/ m* for syrup and 0.360 kg/ m?’ for freeze-dried juice.

2.4. Cake Preparation

Cakes were prepared according to the AACC [2]. The
sugar replacement was calculated according to the relative-
sweetness values of syrup and freeze-dried sorghum juice.
The amounts are shown in (Table 1).

Table 1. The Ingredients of Cake (g).

Cake Components

Rep.lacement . Baking Sweet Sorghum Freeze-dried
Ratio (%) Wheat Flour Butter Dry Milk Egg Salt Powder Sugar S S Sorim it
Control 200 100 24 180 6 10 280 - -
Cake with Sweet Sorghum Syrup
10 200 100 24 180 6 10 252 21.28 -
20 200 100 24 180 6 10 224 85.12 -
30 200 100 24 180 6 10 196 127.68 -
40 200 100 24 180 6 10 168 170.24 -
Cake with Freeze-Dried Sweet Sorghum Juice
25 200 100 24 180 6 10 210 - 87.5
50 200 100 24 180 6 10 140 - 175
75 200 100 24 180 6 10 70 - 262.5
100 200 100 24 180 6 10 - - 350
The sugar replacement was calculated according to the relative-sweetness.
2.5. Chemical Analyses of Syrup, Freeze-Dried Juice and measured:

Cakes

The following parameters of chemical analysis were

a) Moisture, total soluble solids% (TSS), total sugar%,
reducing sugars%, glucose ratio, starch%, protein and
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ash were determined according to A.O.A.C. [1].

b) Non-sugar substances% was calculated by the following
formula NSS% = TSS — (sucrose + reducing sugars)
according to Fort and Mckaig [18].

c¢) Sugar fractions% (sucrose, glucose and fructose) of
syrup and freeze-dried powder were determined by
using HPLC according to Long et. al. [30].

d) Phenolic compounds, quantified according to Folin and
Ciocalteau [17].

e) 5-hydroxymethylfurfura (HMF) content (PPM) in syrup
and freeze-dried juice were determined by using HPLC
according to Jafarnia et al. [21].

f) Mineral Content (iron, calcium and potassium) in syrup
and freeze-dried juice were measured by Atomic
Absorption (Variam AA20) according to A.O.A.C. [1].

2.6. Physical Properties of Syrup and Freeze-dried Juice

The following parameters of physical properties were

measured:

a) PH value was determined by PH meter according to
A.0.A.C. [1].

b) Total acidity% was determined as ml Na OH 0.1 N/ 100
g sample and calculated (mg/m Eq as a predominant
acid (citric acid) according to Chen and Picou [12].
Sweetness acceptability of syrup and freeze-dried juice
samples were perceived by the sensory panel according
to the method of Collins et al [13].

c) Collect power sweetener of sugars content in syrup and
freeze-dried juice samples were determined according
to ratio of fractionation of sugar as relative sweetness of
sugars as follows sucrose= 1, glucose= 0.69 and
fructose= 1.5 times as much as sucrose according to
Nan et al. [35]

d) The total colour value of syrup samples were measured
by using Minolta colorimeter (model CM-3500d, Japan)
according to method described by Ranganna [33] while
the colour of freeze-dried juice as well as crust and
crumb of cake were measured with a Hunter Lab
Colorimeter (MiniScan XE Plus, Reston, VA) according
to the method described by Abd El-Hady et al. [4] and
recorded in the L* a* b* c¢* colour system. Numerical
total colour difference (AE) was calculated as follows:
AE = [(L-Ly)*+(a-ag)* +(b-by)*]”*. Where L,, a, and b,
were the L, a, and b values of the reference sample
which herein is the control sample.

Hue = tan-1[b / a]; chroma = a*> + b*; X = (a + 1.75L) /
(5.645L +a - 3.012b)

browning index = [100(X - 0.31)] / 0.172.
2.7. Physical Properties of Cakes

Cake height was measured to the nearest millimeter with a
micrometer. Volume (ml) was measured by seed
displacement and weight (g) was determined according to
AACC, 2010 [2]. The measurements were performed in
triplicate.

2.8. Sensory Evaluation of Cakes

Cake samples were left to cool (25°C+2) for 4h after
baking then subjected to organoleptic characteristics. Cakes
were judged for crust and crumb color, texture, taste, flavor,
and overall score, by 10 well trained panelists from the staff
of Food Technology Research Institute as described by
Bennion and Bamford [11].

2.9. Statistical Analysis

The analytical data were analyzed using SPSS 16.0
software. Means and standard deviations were determined
using descriptive statistics. Comparisons between samples
were determined using analysis of one-way variance
(ANOVA) and multiple range tests followed by Duncan test.
Statistical significance was defined at P< 0.05 according to
Steel and Torrie [41].

3. Results and Discussion
3.1. Chemical Analyses of the Sweet Sorghum Products

Table (2) showed chemical composition of Roma sweet
sorghum variety syrup, and freeze-dried juice. Moisture
content in sweet sorghum syrups recorded 27%. Meanwhile,
the moisture content was 9.7% in freeze-dried juice and as a
result the shelf-life is increased for these products, similar
results were reported by Hatamipour ez al. [19].

The data also summarized that; freeze-dried product
contained the highest percentage of TSS (90.30%) followed
by syrup product (73.00%). Freeze-dried juice had high
profile sugar i.e. sucrose, glucose and fructose than other
tested product that means it had the highest total sugars. Total
soluble solids enable the syrups to be utilized as sweeteners
or preservatives in food products such as juices, drinks, dairy,
bakery and confectionery products Elena [15].

Table (2) also, indicated that all the tested products
contained reasonable amount of total phenol and menials.

These results are in line with data obtained by Helmy [20]
who mentioned that increased total solid content of syrup
also increased its sucrose content and reducing sugars.
Meanwhile the freeze-dried juice had the highest value (50%)
of sucrose followed by syrup (44.15%). Reducing sugars
content was low in syrup (20.92%) compared to freeze-dried
juice (35.05%), heating juice for a long time during syrup
processing leads to an increase in the sucrose inversion to
reducing sugars. Glucose ratio, which refers to the
relationship between juice content of glucose and sucrose,
and therefore, increasing in the glucose ratio values is
considered as a good indicator in syrup quality.

Table 2. Chemical Properties of twe Sweet Sorghum Products.

Sweet Sorghum Products

Components (%)

Syrup Freeze-dried Juice
Moisture 27.00+0.21 9.70+0.11
Total soluble solids 73.00+0.17 90.3£0.16
Sucrose (S) 44.15+0.14 50.00+0.17
Glucose (G) 12.30+0.23 18.03+0.18
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Sweet Sorghum Products

Components (%)

Syrup Freeze-dried Juice
Fructose (F) 8.62+0.12 13.02+0.14
Reducing sugars 20.92+0.20 35.05+0.15
Total sugar 65.07+0.18 85.05+0.19
Glucose ratio 0.28+0.17 0.38+0.12
Starch 0.90+0.21 0.85+0.11
Ash 4.5+0.11 4.7£0.14
Crud Protein% 4.45+0.13 5.82+0.12
Non-sugar substances 7.93+0.12 5.25+0.13
Total phenols (mg GAE/100 g) 455.5+0.15 489.2+0.19
**HMF (ppm) 15+0.23 35+0.22
Minerals%
Potassium (K) 1.139+0.13 1.160£0.13
Calcium (Ca) 0.274+0.15 0.309+0.17
Ferric (Fe) 0.084+0.12 0.116+0.15

*Data are expressed as mg gallic acid equivalents (GAE) per 100 g sample,
** 5-hydroxymethylfurfura

The starch content in syrup and freeze-dried juice recorded
(090 and 0.85%), respectively. Similar results were
attributed by Nan et al. [30] who found that the starch
content in the juice of sweet sorghum ranging from 300 to
9900 ppm and most of them were around 2000 ppm. Ash
percent increased with increased juice concentration. These
results are in agreement with those of El-Geddawy [16] who
found that sweet sorghum syrup contains 5.61% protein and
ash ranging between 2.1 and 4.17%. Abazied [3] mentioned
that non-sugar substances, upon heating juice for a long time,
during syrup processing, leads to the coagulation of some
non-sugar substances such as the—proteins and some plant
pigments, which means lower purity. Data also cleared that
sweet sorghum products had a high content of phenolic
compounds. These results are in line with results of Al-
Askalani and Khalil [7] who mentioned that phenolic
compounds in some sweet sorghum varieties reaches up to
6%, thus it was suitable for industrial processing.

HMF content in syrup gave lowest value compared to
freeze dried juice. Jafarnia et al. [21] reported that
Hydroxymethylfurfural (HMF) is a common Maillard
reaction product directly formed from dehydration of sugars
under acidic conditions during heating and storage in
carbohydrate rich foods and also mentioned that the
maximum levels of HMF were between 5.5-37.7 mg /kg in
date syrup.

Moreover, data in the same table showed a gradual increase
in minerals content of sweet sorghum products i.e. K%, Ca%
and Fe% by concentration process of sweet sorghum juice.
These results are in line with those of Elena [15].

3.2. Physical Properties of Sweet Sorghum Products

Physical characteristics (pH, titratable acidity, sweetness
acceptability, power sweetener and colour evaluation) of
sweet sorghum syrup and freeze-dried juice are illustrated in
Table (3). Sweet sorghum syrup with pH value (4.6)
contained total acidity (0.45) % while, freeze-dried juice with
pH value (4.7) contained total acidity (0.49)%. The results
may be due to the rise in the content of titratable acidity in
the fresh juice by concentration processing and

decomposition of some reducing sugars which leads to
formation of some organic acids. This characteristic can
affect the syrup quality since the total acidity gives the syrup
their distinctive taste and flavor in the final syrup. These
results are in agreement with those of Abazied [3] and Helmy
[22] they mentioned that high titratable acidity may be due to
the reaction between the unstable organic substances with
reducing sugars during processing.

The obtained data in table (3) indicated that, freeze-dried
juice preduet possessed a good sweetness acceptability and
highest power sweetener than the other product.

Regarding power sweetener, the freeze-dried juice showed
the highest value followed by syrup. This result was logical
because concentration of juice during manufacturing of this
product caused an increase in TSS% which is near to the total
sugars amount. A similar result was found in work by
Abazied [3] and Helmy [22].

Table 3. Physical Properties of Sweet Sorghum Products.

Sweet Sorghum Products

Characteristics Syrup Freeze-dried Juice
pH 4.60+0.17 4.7+ 0.10
Total Acidity% 0.45+0.02 0.49+0.13
?Ow)eetness acceptability (Score 9.00 %025 9.50+0.22
*Power sweetener 65.57+£0.14 81.97+0.17
Colour evaluation

L 11.01 £0.11 47.01 £0.17
a* 3.28+0.10 -4.86+0.14
b* 2.09+0.13 20.20 +0.12
Hue 0.38+0.20 0.27+0.19
Chroma (Apparent purity%) 3.89+0.14 20.78£0.15
Browning index (BI) 0.34+0.20 0.27+0.31
Total colour difference (AE) 51.40+0.21 11.67+0.17

*Not’s: Power sweetener calculated as a relative sweetness of sugar
fractionation (S=1, G=0.69, F=1.5);

*TA: as ml Na OH 0.1 N/ 100 g sample and calculated by (mg/m Eq as a
citric acid)

The colour evaluation for the tested products demonstrated
that, the freeze-dried juice preduet had a higher value of
chroma, meanwhile, the syrup was the highest for browning
index (Table 3).

Total colour difference and chroma was considered as the
most sensitive parameter for the measurement of colour
change in syrup and freeze-dried juice. Data in table 3 also
showed the highest value of lightness in freeze-dried juice
followed by syrup. Meanwhile, syrup color tends to be more
red and less yellow, as measured by the Hunter Lab
Spectrophotometer. These results are in line with those of
Akbulut and Ozcan [6] they mentioned that non-enzymatic
browning is manly associated with carbohydrate degradation
reactions, such as the maillard and caramelization reactions.
Meanwhile the freeze-dried juice colour tended to be more
yellow and less green. The difference of total colour (AE) and
chroma are the most important parameter for the
measurement of colour change in syrup and freeze- dried
juice. Therefore, the results observed showed that a high
colour difference between juice and thermally process
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(syrup) and freeze- dried.

In accordance to physico-chemical characteristics and
nutritional profile of syrup and freeze-dried juice; sweet
sorghum products were used for preparation of cakes as a
source of sugar.

3.3. Physical Properties of Cake Prepared with Sweet
Sorghum Products

One of the most important physical properties of cake is
porous structure which formed through air bulb expansion
and volume development during baking. Data illustrated in
Table (4) showed that, the prepared cakes with replacement
of sugar by 40% sweet sorghum syrup significantly had
lower cake height and volume than those prepared with
sucrose (control). It is concluded that, when the sweet
sorghum syrup replacement was increased, the height and
volume of cake decreased. The current results in agreement
with results by Murano and Johnson [29] on yellow cake
produced with high fructose syrup.

No significant difference was found between cakes which
were prepared with 25% freeze-dried sweet sorghum juice
when compared with control. When replacement ratio
increased (up to 100%), the height and volume of cake
decreased. Koepsel and Hoseney [24], found that, the lower
volume of cake was attributed to less air incorporated on
mixing and early gelatinization of the starch during baking.

The specific volume of a cake can be used as an indicator
of volume development and consequently of the porous
structure of the product. The 40% sweet sorghum syrup
cakes, significantly had the lowest specific volume, while the
cakes made with up to 50% freeze-dried juice showed high
specific volume without significant differences between it
and control cake. The obtained data also summarized that,
when sugar replacement increased, the specific volume
decreased. Bean et al. [10] explained the lower specific
volume of fructose cakes, in his study, by the effect of
fructose to set starch gelatinization, and thus strengthening of
structure, at lower temperature, before the full development
of air bubbles.

Regarding the moisture content of cakes, it is increased
significantly by increasing the ratio of syrup. While the
moisture content of freeze-dried sweet sorghum juice cakes
showed a slight significant difference than control.

Significant differences in water activity were detected
between control cake and cakes with sweet sorghum syrup
having significantly higher values. The water activity affects
the shelf-life stability of the product. However, the observed
differences are rather small and consequently not expected to
considerably affect the growth of microorganisms. No
significant differences, in water activity, were detected
between the control cake and cakes with freeze dried sweet
sorghum juice.

Table 4. Physical Evaluation of Cakes with Sweet Sorghum Products.

Substitute Ratio Height (cm) Volume (cm®)  Weight (g) Specific Volume (V/W) Moisture (%) Water Activity
Cake with Sweet Sorghum Syrup

Control 5.75+0.11 154.78+0.19* 91.79+0.10° 1.69+0.15° 30.59+0.10° 0.932+0.16°
10 5.74+0.17° 153.92+0.12° 91.96+0.14° 1.67+0.10% 31.7240.14¢ 0.943+0.11°
20 5.72+0.13% 153.3540.14®  93.55+0.14% 1.64+0.13% 32.00+0.12° 0.943+0.15"
30 5.66+0.19° 152.16+0.16° 95.15+0.17° 1.60+0.16° 33.1240.17° 0.945+0.19"
40 5.08+0.14° 139.93+0.15° 100.00+0.12° 1.40+0.12¢ 33.7120.14° 0.945+0.13°
Cake with Freeze-Dried Sweet Sorghum Juice

Control 5.75+0.11 154.78+0.19* 91.79+0.10° 1.69+0.15° 30.59+0.10° 0.932+0.16
25 5.73£0.15" 154.23+0.10°* 92.1440.15°¢ 1.68+0.10° 30.68+0.11% 0.932+0.17°
50 5.72+0.17* 153.5240.13®  92.26+0.12° 1.66+0.16* 30.71£0.15% 0.933+0.11°
75 5.68+0.12" 152.21+0.11° 95.19+0.19° 1.59+0.12° 30.90+0.14% 0.933+0.14%
100 5.65+0.16° 151.42+0.10° 97.5240.13° 1.55+0.10° 31.10+0.19° 0.93440.12°

*Values are means of three replicates £SD, number in the same column followed by the same letter are not significantly different at 0.05 level.

3.4. Colour Parameters of Cake

Crust color was significantly affected by the replacement
of sucrose with sweet sorghum products (Table 5). Total
colour difference (AE) showed significant difference from
control. In general, as the sweet sorghum syrup increased, the
crust color became darker, more red and more yellow, as
measured by the Hunter Lab Spectrophotometer (Table 5).

These results agree with the study of Porabolghasem and
Ayoubi [32] on date syrup as sugar replacement in cupcake in
which the substitution in much browner exteriors. The b-
values (yellowness) for 20 and 40% sweet sorghum syrup
cakes were higher than that of control (Table 5). The crusts of
the control cakes were yellower (P < 0.05) than the crusts of
all other cakes.

Table 5. Colour Evaluation of Cakes with Sweet Sorghum Products.

Crust Colour

Crumb Colour

L a b AE L a b AE

Cake with Sweet Sorghum Syrup

Control ~ 57.01£0.17° 7.86+0.14° 10.98+0.10° = 83.46+0.19" -3.04+0.13¢ 9.72+0.10¢ -

10 55.50+0.16° 8.45+0.10¢ 11.28+0.18¢ 1.65+0.11¢ 83.1240.22° -2.8240.18¢ 12.76+0.10¢ 3.06+0.19¢
20 51.00+0.11¢ 9.53+0.17° 11.88+0.16° 6.30£0.15¢ 82.82+0.19° -2.50+0.10° 14.254+0.12° 4.61+0.14°
30 49.49+0.13¢ 9.66+0.15" 12.28+0.14° 7.8340.11° 81.86+0.11¢ -2.38+0.12° 14.39+0.18° 4.98+0.11°
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Crust Colour Crumb Colour

L a b AE L a b AE
40 47.10£0.17° 9.77+0.13° 13.790.10? 10.48+0.19" 80.63+0.19° -2.2040.15 15.58+0.15 6.56+0.13"
Cake with Freeze-Dried of Sweet Sorghum Juice
Control  57.01£0.17° 7.86+0.14° 10.98+0.10° = 83.46+0.19 -3.04+0.13° 9.72+0.10¢ =
25 55.21+0.16° 8.95+0.10¢ 11.08+0.18¢ 2.11+0.11¢ 83.52+0.22° -2.89+0.18¢ 12.89+0.10¢ 3.17+0.19¢
50 51.50+0.11¢ 9.33+0.17° 11.78+0.16° 5.76+0.15° 82.75+0.19¢ -2.55£0.10° 14.15+0.12° 4.51£0.14°
75 49.89+0.13¢ 9.46+0.15° 12.08+0.14° 7.3840.11° 81.67+0.11¢ -2.4440.12° 14.33+0.18° 4.98+0.11°
100 47.50£0.17° 9.57+0.13° 13.590.10° 10.01£0.19* 80.500.19° -2.2840.15 14.54+0.15 5.71£0.13"

L (lightness with L = 100 for lightness, and L = zero for darkness), a [(chromaticity on a green (-) to red (+)], b [(chromaticity on a blue Xl ¢l 5 () to yellow
(+)]-*Values are means of three replicates £SD, number in the same column followed by the same letter are not significantly different at 0.05 level.

Although crumb b-values (yellowness) increased, crumb
L-values (lightness) and a-values (greenness) were not
different (Table 5). As the level of sweet sorghum increased,
the b-values increased, indicating a yellower crumb. These
results agree with results of shortened cakes in which the use
of high fructose corn syrup caused the development of
uncharacteristic yellowish or greenish interior colors which
was attributed, by Volpe and Meres [36], to Maillard
reactions. Darkening was caused by the amount of reducing
sugars available to participate in the Maillard browning
reaction. This non-enzymatic reaction occurs when a
reducing sugar (fructose) and protein are heated together.

The results indicated that a darker crust and crumb would
be obtained from the substitution of sugar by freeze dried
juice which is increased with the increase of substitution
levels. Since there was an increase in fructose with the
addition of sweet sorghum, the intensity in the degree of the
reaction rate was observed. Moreover, since the temperature
on the surface of the cake is higher than within the interior of
the cake, there would be a higher degree of browning on the
crust rather than of the crumb. These results are in agreement
with studies by Addo [5].

3.5. Chemical Evaluation of Cakes

Concerning the chemical analysis of cakes produced with
both forms of sweet sorghum juice, it can be noticed that the
protein content was increased as the substitution level
increased. Data in Table (6) showed that the 100%
substitution with freeze-dried sweet sorghum juice resulted in
a high protein content (17.20%). The results agree with work
by El-Geddawy [16], who reported that protein level
increased from 8.31 to 10.16 in biscuits with 50% sweet
sorghum syrup. Data in Table (6) demonstrated that, fat
content was non-significantly (p>0.05) affected by the
different substitution levels of sweet sorghum products.

It could be noticed that, ash content increased as
substitution ratio increased. These results are higher than that
obtained by Rezq [34] who reported that biscuits prepare
with sweet sorghum syrup contained 1.22% ash.

Concerning the total carbohydrate content, it was
significantly decreased as the substitution level of sweet
sorghum syrup increased. Similar results were obtained by
El-Geddawy [16]. While, Messiaen [28], reported that the
higher protein, fat, ash content, the lower values of the
carbohydrates.

Table 6. Chemical Evaluation of Cakes with Sweet Sorghum Products.

Non-Reducing

Protein Fat Ash Fiber Carbo-hydrates Total Sugar Reducing Sugar S

Cake with Sweet Sorghum Syrup

Control ~ 11.38+0.10° 16.90+0.18° 1.05+0.14°  5.15+0.10°  70.67+0.15" 44.31+0.13* 1.80+0.11° 42.50+£0.15°
10 11.83+0.18¢ 16.95+0.17° 1.4540.10¢  5.16+0.17®  69.77+0.11° 42.84+0.13° 2.59+0.18¢ 40.25+0.11°
20 12.27+0.10° 16.94+0.14° 1.9940.15°  5.16+0.15®  68.80+0.17° 41.38+0.10° 3.3840.15° 38.00+0.13°
30 12.7240.17° 16.93+0.12° 2.40+0.18°  5.17+0.12%®  67.91+0.14¢ 39.9240.18¢ 4.20+0.10° 35.75+0.17¢
40 13.16+0.12* 16.92£0.10°  2.85+0.12*  5.18+0.12° 67.07+0.12° 38.46+0.10°  4.96+0.13° 33.50+0.10°
Cake with Freeze-Dried Sweet Sorghum Juice

Control ~ 11.38+0.10° 16.90+0.18* 1.05£0.14¢  5.15+0.10° 70.67+0.15 44.31+0.13* 1.80+0.11° 42.50+£0.15°
25 12.36+0.14 ¢ 16.95+0.13* 2.10+£0.10¢  5.16£0.17®  68.59+0.18° 42.92+40.15° 5.48+0.17¢ 37.43+0.18°
50 14.29+0.17°¢ 16.93£0.14°  2.88+0.11°  5.17+0.15° 65.90£0.11° 41.4240.18° 9.15+0.13° 32.27+0.10°
75 15.75+0.13° 16.92+0.15° 33740.18°  5.17+0.12° 63.96+0.14¢ 40.20+0.10¢ 13.1120.11° 27.1240.14¢
100 17.20+0.18° 16.94£0.10°  3.60+0.13*  5.17+0.12° 62.26+0.12° 38.80+0.15° 16.90+0.14* 21.93+0.17°

*Values are means of three replicates £SD, number in the same column followed by the same letter are not significantly different at 0.05 level.

Total sugars were reduced significantly as the replacement
levels increased. This may be due to the lower amounts of
total sugars in sweet sorghum products (ranging between
65.07% for sweet sorghum syrup and 85.05%, for freeze-
dried sweet sorghum juice). Reducing sugar levels also
increased as the replacement levels increased. This may be a
result of the higher amounts of reducing sugars in sweet

sorghum products (ranging between 20.92% and 35.05%)
than in sucrose. As for non-reducing sugars, values decreased
as the substation level increased.

3.6. Sensory Evaluation of Cakes

Data in Table (7) demonstrated that acceptable cakes were
made with sweet sorghum syrup, up to 20% in replacement
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for sucrose. While 40% replacement with syrup had got the
lowest score in the overall acceptance (only 7.03). These
results agree with work by McCoullough et al. [27], who
reported that the taste panel rated the all sucrose cake
significantly more acceptable than the cakes prepared with
high fructose corn syrup because of the compact, lower

volume.

Cakes with freeze-dried sweet sorghum juice were
acceptable, with no significant difference from control, up to
50% replacement. But both texture and moistness are
negatively affected by the substitution level.

Table 7. Sensory Evaluation of Cakes with Sweet Sorghum Products.

Crust Crumb Moistness Appearance Overall

Colour (10)  Colour (10) 1Xred® 4 Flavour (10) ~ Taste 10) ;) AesrEnEa )
Cake with Sweet Sorghum Syrup
Control 9.64+0.11* 9.32+0.14° 9.68+0.16° 9.61£0.12° 9.66+0.16° 9.74+0.13° 9.43+0.10° 9.82+0.15°
10 9.59+0.13° 9.27+0.12° 9.59+0.1ab® 9.59+0.14° 9.03+0.11° 9.72+0.11° 9.41+0.16" 9.72+0.16°
20 9.55+0.16" 8.95+0.11° 9.55+0.1b° 9.4440.11° 8.77+0.12° 9.70+0.15" 9.23+0.14° 9.53+0.12°
30 9.10+0.10° 8.53+0.15¢ 9.10+0.14¢ 8.95+0.10° 8.04+0.14¢ 9.14+0.16" 8.42+0.12¢ 8.03+0.14°
40 8.00+£0.14¢ 7.92+0.15¢ 8.00+0.15¢ 8.21+0.12¢ 7.67+0.15¢ 8.63+0.10° 7.01£0.11¢ 7.03+0.11¢
Cake with Freeze-Dried Sweet Sorghum Juice
Control 9.64+0.11* 9.32+0.14° 9.68+0.16° 9.61£0.12° 9.66+0.16° 9.74+0.13° 9.43+0.10° 9.82+0.15°
25 9.63+0.14° 9.32+0.10° 9.64+0.11% 9.57+0.16" 9.65+0.13° 9.73+0.10° 9.42+0.16° 9.81£0.11%
50 9.63+0.16 9.31+0.12° 9.60+0.12° 9.56+0.14° 9.64+0.10° 9.73+0.16 9.410.11° 9.81+0.16
75 9.03+0.11° 9.02+0.13° 9.25+0.14¢ 9.10+0.10¢ 9.15+0.12° 9.53+0.13° 9.12+0.14° 9.43+0.10°
100 8.53+0.13¢ 8.81+0.14° 8.27+0.15¢ 8.88+0.13¢ 8.97+0.14° 8.93+0.12° 8.73+0.12° 9.1120.14°

*Values are means of three replicates £SD, number in the same column followed by the same letter are not significantly different at 0.05 level.

4. Conclusion

Using evaporation and drying methods are suitable for
the production of syrup and powderized juice of sweet
sorghum. These products can be used as a source of sugar in
making cake with acceptable organoliptical and quality
properties.
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