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Abstract
Herbal plants have been recognized as effective medicinal agents. Medicinal plants are growing massive importance 

towards the health of individuals and communities. Owing to phytochemical perspectives functional/nutraceutical foods are 
scoring more attention of the nutritionists. In this scenario, ginger is gaining importance due to its accessibility, low cost and 
allied therapeutic claims. In current investigation, functional and nutraceutical product i.e. marmalade were prepared after 
the addition of ginger against control to increase its health promoting ability. For marmalade prepared with 7% ginger powder 
(T1) and 3% ginger extract (T2) appeared to have non-significant impacts on color tonality, in total soluble solids, pH, acidity 
and brix. The substantial enhancement in brix was noticed during storage from 68.14 ± 2.34 to 69.20 ± 2.49 at 0 to 60th day, 
respectively whereas pH decreased from 3.68 ± 0.13 to 3.45 ± 0.12 and in the opposite pattern acidity increased from 0.60 
± 0.02 to 0.74 ± 0.05%. Sensory evaluation was also assessed to evaluate the color, flavor, taste, spread ability and overall 
acceptability of marmalade. Means squares for sensory evaluation of marmalade showed that all the parameters remained 
non-significant within the treatments and storage except spread-ability and only flavor and taste changed significantly with the 
treatment. During storage, scores assigned to taste of decreased from 7.36 ± 0.29 to 7.24 ± 0.25. The overall acceptability was 
highly admired by nutraceutical extract based ginger marmalade. Conclusively, the findings of current exploration showed that 
gingerol present in ginger did not impact any deleterious outcomes on the sensory response. 
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Introduction
Edible plants have the abundant extent of naturally occurring 

antioxidant, especially spices and herbs. Many researchers have 
clinched antioxidant potential of plants specially spices [1]. Food is 
a rich source of phenolic compounds (flavonoids, phenolic acid and 
alcohols) that show excellent antioxidant activity [2]. Ginger (Zingiber 
officinale) belonging to the family Zingiberaceae is native to temperate 
climates, particularly China and South Eastern Asia especially India, 
is propagated through rhizome. It is one of the vital and cost effective 
crops of Nigeria due to its essential oil and oleoresin levels, grown 
mainly on lucrative point and can be exported in large quantities due to 
its sharp flavor; pungency and high oleoresin content [3]. 

Ginger (Zingiber officinale) belongs to the family Zingiberaceae that 
has a perpetual tuberous root or rhizome [4]. It is cultivated in South 
East Asia and then spread extensively around the world. There are 
various investigations related to composition as well as the biological 
activities (antimicrobial, antioxidant, and immune enhancing 
perspectives) of ginger extracts has been carried out [5]. It is used in 
several food products as flavor and condiments for giving them essence 
[6]. Owing to provide all these properties, ginger rhizome is used from 
many centuries. Fresh ginger is also being used in food preparation aid [7].

Product development phase is not only delimited to form distinct 
food possessions but also embraces new food product transmission, 
line deferral and reformulating of the previous existing items. Among 
different supplemented and fortified food systems, the baked along with 
confectionary products provide an excellent opportunity to integrate 
food-grade portions from non-traditional food fonts [8]. In the present 
era, consumer focuses on more freshly prepared foods that are indirect 
demand of natural foods having high antioxidants. Herbs and spices 
used in routine are excellent source of polyphenolic contents. These 
constitutes have high antioxidant potential. This ability of herbs marked 
them crucial in competition with synthetic antioxidants with additional 

health benefits [9]. A major challenge that is food industry facing, is to 
produce the food product that contain health protective diet. To achieve 
this task food industries are focusing on the functional foods that are 
inordinate origin of antioxidants [10,11].

Currently, the pharmaceutical food products are developed 
with additional health welfares based on their functional bioactive 
ingredients. The products that are made with additional benefits 
beyond the nutritional value are commonly called functional foods. 
Thereby the term functional food is really used by the public, but is not 
yet commonly known among users [12]. However, there is a constant 
flow of new product initiators in food product development center 
which claim to be “functional foods” or “foods with additional strength 
welfares” but only a few of them proved to be successful [13]. Food 
industries are nowadays encrusting enormously challenges from which 
the most imperative is around the necessity to develop new products 
which can subsidize to the customer’s aspiration for a health-defensive 
diet and the industries are successful to achieve this task because they 
mainly focused on the natural foods that have antioxidant potential [14].

In confectionary products as jam, jellies and marmalade sugar 
helps in thickening that further form gel structure of product. It also 
assists as a preserving agent, subsidizes to the essence and flavor of 
the jam product and has a stiffening influence on fruit properties. 
Beet and sugar cane both have same importance in confectionary 
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Material and Methods
Physicochemical analysis of functional/nutraceutical 
products

The prepared ginger patties were evaluated for color, texture and 
antioxidant characteristics at 0, 24th, 48th, 72nd and 96th hr. Nonetheless, 
the ginger marmalade was analyzed for pH, color, acidity, brix and 
spread ability at 0, 15, 30, 45 and 60 days intervals. 

The color and texture parameters were measured using the method 
of Lara et al. [20]. Antioxidant potential of products was determined 
by the estimation of total phenolic contents as described by Qiu et 
al. [21]. Furthermore, total soluble solids of spread were evaluated by 
digital refractometer (TAMCO, Model No. 90021, Japan). Likewise, the 
pH was recorded though calibrated pH meter (InoLab 720, Germany). 
Moreover, total acidity of was estimated by titrating the sample against 
0.1N sodium hydroxide [22]. 

Color

The products surface color, L* (lightness), a* (–a greenness; +a 
redness), and b* (–b blueness; +b yellowness) were measured using 
CIE-Lab Color Meter (CIELAB SPACE, Color Tech-PCM, USA). The 
data thus obtained was used to calculate chroma (C*) and hue angle 
[20]. 

 Chroma (C*)=[(a*)2 + (b*)2]1/2

 Hue angle (h)=tan-1 (b*/a*)

Texture

Texture of ginger patties was measured using the triple beam snap 
(three-point break) technique of texture analyzer (TA-HDi, Stable 
Microsystems, UK). A crosshead speed of 10 mm/min with a load cell 
of 50 kg was used. Force required to break products individually was 
noted and the average was calculated according to protocol described 
by Lara et al. [20].

Antioxidant activity

Antioxidant potential of ginger patties was determined by 
estimation of total phenolic contents as described by Qiu et al. [21].

Brix

Brix of ginger marmalade were estimated by Hand Refractometer 
(TAMCO, Model No. 90021, Japan) at respective storage intervals and 
interpreted as percent soluble solids (°Brix).

pH

The representative marmalade was taken in 50 mL beaker and 
pH was recorded by pH meter (Ino Lab 720, Germany) following the 
method of AOAC [22].

Acidity 
The acidity of ginger marmalade was determined during storage by 

products. Mostly extra pectin is added in marmalade of those fruits 
that have less content of pectin in it. In some foods as apple, barriers 
and grapes natural pectin is present that improves its quality however 
herbs like ginger is very poor in pectin content [15]. Commercially 
prepared pectin can be used in any food product. It is manufactured 
from fruits and is available in both liquid and powder form that are 
not exchangeable. It is essential to mark an excellent balance between 
sourness and sweetness, which is frequently succeeded by adding an 
assortment of sugar with citric acid. This mixture gives same time-
intensity curve because these both produce identical sweet and sour 
taste at their maximum level of use [16].

Sugar and sugar sweeteners both are nutritive in nature because 
on consumption they give energy. Being carbohydrate in nature, sugar 
provides 4 kcal/gram but sugar alcohols provide an average of 2 kcal/g. 
Conflicting to their name, the new formed sugar alcohols are neither 
sugars nor alcohols in nature. Sugar alcohols are also fall in the category 
of carbohydrates. Chemical structure of sugar alcohols resembles with 
both sugar and alcohol. Products manufactured with sugar alcohols are 
labeled as sugar free food products substitute full calorie carbohydrates 
i.e. sugar [15]. Sugar alcohols are also identified as GRAS or food 
additive. Mostly used sugar alcohols are sorbitol, isomalt, lactitiol, 
maltitol and erythritol. Sorbitol is classified as GRAS while other all are 
used as food additives. Glycemic index in body can be reduced by use of 
sugar alcohols. Other properties of sugar alcohol are prevention from 
dental cavities accompanied by depressing calories intakes [17]. Five 
FDA approved non-nutritive sweeteners are acesulfame K, aspartame, 
neotame, saccharin and sucralose. All of these are regulated as food 
additives and evaluated on the basis of their safety, sensory attributes 
and constancy in a number of food products. They are mostly used 
in combination of They are often combined with other nutritive and 
non-nutritive sweeteners to improve volume and desire flavor that they 
cannot obtain separately. FDA has been established an acceptable daily 
intake (ADI) for each food additive. The ADI is the quantity of food 
product that can be expended in routine for life time without any risk 
to the body [18].

Hedonic response is carried out to evaluate the ability of human 
replies to estimate the physico-chemical characteristics of food e.g. 
appearance, texture, color, aroma, fragrance, touch and taste. To 
commercialize these experimental designed foods these required 
characteristics must be achieved. An important factor that must be 
taken into consideration is the baking losses of antioxidant perspectives 
of the bioactive ingredients that effect taste and flavor of product if 
stored for longer time. To overcome this problem antioxidants are 
being used to enhance the benficial aspects. Synthetic antioxidants are 
now restricted in various food item due to their carcinogenic effects [19].

During product development two products namely ginger patties 
and ginger marmalade was prepared using functional and one best 
selected treatment from conventional solvent. Raw material used in 
patties preparation comprised of flour, sugar, egg, shortening, baking 
powder and chicken, onion, ginger, spices for filling; while ingredients 
for marmalade includes sugar, sweetener, citrus peel, ginger and 
preservatives were purchased from local market. Some amount of sugar 
was replaced with artificial sweetener in marmalade. A control sample 
without ginger powder or extract was also prepared for comparison 
purpose. In both products, some extra amount of functional and 
nutraceutical fractions were added in T1 and T2, respectively considering 
baking losses (Table 1). 

Ginger Marmalade
T1 Control
T2 Marmalade with ginger powder (7%)
T3 Marmalade with ginger extract (3%)

Table 1: Treatments used in product development.
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adopting the guidelines of AOAC [22]. The selected sample was titrated 
against 0.1N sodium hydroxide (NaOH) solution till persistent pink 
color.

Hedonic response

The developed products (T0, T1, T2) were examined for sensory 
evaluation using nine point hedonic scale system ranged from extremely 
liking to disliking (9=like extremely; 1=dislike extremely) following the 
guidelines of Meilgaard et al. [23]. Sensory response of the ginger patties 
for various traits like color, flavor, texture, taste and overall acceptability 
was carried out at 0, 24, 48, 72 and 96 hours while in case of marmalade 
the trait of texture was replaced with spread-ability. This part of study 
was conducted in the Sensory Evaluation Laboratory of the NIFSAT, 
University of Agriculture, Faisalabad.

Results and Discussion
Physio-chemical analysis of marmalade

The resultant functional (7% ginger powder) and nutraceutical (3% 
ginger extract) marmalade were evaluated for color tonality, texture as 
well as pH, brix, brix/acid ratio and acidity during two months storage 
time.

Color

Color is one of the vital factors in the acceptance of fruit products 
such as marmalades that are prepared by heat treatments that altered the 
color of the final product. Color tonality for any food product includes 
L*, a* and b*, chroma and hue angle values depending upon its lightness, 
redness or greenish color & blue to yellow shade. Mean squares 
resultant qualities of color tonality for marmalade (Table 2) showed that 
treatments have non-significantly affected all color tonality traits while 
non-momentous difference was observed for storage and interaction. 
Means relating L* values of marmalade (Table 3) has revealed that 
maximum value 18.54 ± 0.73 and 18.44 ± 0.72 were recorded in T2 
(marmalade containing 7% ginger powder) and T1 while minimum 
17.56 ± 0.68 in T0 (control). It was assessed that L* value decreased in 
all treatment as function of storage from 20.22 ± 0.69 to 16.42 ± 0.59. 
The a* values (Table 4) of ginger was maximum in T2 18.78 ± 0.73 and T0 
(18.50 ± 0.71) and it was minimum in T1 (18.24 ± 0.70). During storage, 
values for a* increased from 16.78 ± 0.58 to 20.00 ± 0.72.

It is conformed from Table 5 that b* value changed non-significantly 
as a function of treatment i.e. 1.66 ± 0.05, 1.62 ± 0.06 and 1.58 ± 0.06 
in T1, T2 and T0, respectively. With the passage of time, b* value for 
all treatments decreased non-significantly that was minimum for T2 
(1.70 ± 0.07 to 1.52 ± 0.05). Means depicting the effect of treatments 
on chroma (Table 6) showed that maximum value 20.13 ± 0.79 was 
recorded in T1, whilst minimum value 18.55 ± 0.70 was observed in 
T0. Likewise, chroma value progressive increased from 17.19 ± 0.58 to 
20.69 ± 0.74. It is manifest (Table 7) that T1 has lowest value 4.57 ± 0.20 
for marmalade hue angle in contrast to T0 and T2. Storage affected hue 
angle non-significantly that decreased from 4.95 ± 0.17 to 4.94 ± 0.18 at 
the end of storage interval. 

The present results are in line with the previous findings of Rababah 
et al. [24] prepared grape and whole & grounded raisin in addition to 
citrus marmalade to check its color tonality. In this they used same 
quantity in all treatments and suggested that the highest value of L* 
was for whole raisin marmalade (23.1 ± 1.4) followed by grounded 
raisin marmalade (19.8 ± 1.7) and lowest for grape marmalade (17.2 
± 1.2). The same trend was observed in chroma and b* values that were 
highest for whole raisin marmalade and lowest for grape marmalade 

however, the movement of a* values was different from this trend. The 
highest value of a* was found in grape marmalade and lowest for whole 
raisin marmalade. Another research conducted by Abdollahi et al. 
[25] formulated pomegranate jam with the increased amount of sugar 
as well as quince puree amount by 10, 20 and 30%. They reported in 
that research that the color tonality changes with the change in the 
concentration of sugar and quince puree percentage. With the increase 
in quince percentage the value of a* decreased but the value of L* and b* 
increased with the high percentage of sugar. One of their peers, Yildiz 
and Alpaslan [26] used different methods to prepare marmalade under 
classical method and vacuum evaporation method and stated that the 
L* value of marmalade varied from 23.40 ± 0.20 to 30.20 ± 0.10 while 
the value of a* ranged from 10.30 ± 0.10 to 16.60 ± 0.20. 

pH and acidity 

pH is the negative logarithm of hydrogen ion concentration and 
that is imparted by acid. As the acidity increase there was an inverse 
proportional decrease in the pH value during storage. The formation 
of acidic compounds during storage increases the acidity of marmalade 
that further decreases the pH level [27]. pH and acidity determination 
is of crucial importance for acceptability of product as it describe the 
quality of product that changes during processing. Means squares 
(Table 8) regarding pH and acidity of ginger marmalade have revealed 
non-significant difference for effect of treatment and interaction of 

SOV df L* value a* value b* value Chroma Hue 
angle

Treatment (A) 2 4.36NS 10.39NS 0.02NS 10.39NS 1.77NS

Days (B) 4 21.17NS 18.04* 0.04NS 18.09NS 0.18NS

AxB 8 0.36NS 0.28NS 0.43NS 0.27NS 0.09NS

Error 30 14.66 5.28 0.11 16.32 1.00
**= Highly significant
NS= Non-significant

Table 2: Means squares for color tonality of marmalade.

Storage intervals 
(days)

Treatments
Means

T0 T1 T2

0 19.76 ± 0.67 20.32 ± 0.69 20.58 ± 0.70 20.22 ± 0.69
15 18.62 ± 0.60 19.24 ± 0.62 19.44 ± 0.62 19.10 ± 0.61
30 17.38 ± 0.52 18.02 ± 0.54 18.96 ± 0.57 18.12 ± 0.54
45 16.24 ± 0.61 17.86 ± 0.68 17.02 ± 0.60 17.04 ± 0.65
60 15.80 ± 0.57 16.74 ± 0.60 16.72 ± 0.60 16.42 ± 0.59
Means 17.56 ± 0.68 18.44 ± 0.72 18.54 ± 0.73
T0 = (control marmalade)
T1= (marmalade containing 7% ginger powder)
T2= (marmalade containing 3% ginger extract)

Table 3: Effect of treatments and storage on L* value of marmalade.

Storage intervals 
(days)

Treatments
Means

T0 T1 T2

0 16.42 ± 0.56 17.34 ± 0.59 16.58 ± 0.56 16.78 ± 0.58c

15 17.80 ± 0.57 17.60 ± 0.56 17.82 ± 0.57 17.74 ± 0.59bc

30 18.56 ± 0.58 18.24 ± 0.55 18.76 ± 0.55 18.52 ± 0.57b

45 19.68 ± 0.75 18.88 ± 0.72 19.94 ± 0.76 19.50 ± 0.74ab

60 20.04 ± 0.72 19.16 ± 0.69 20.78 ± 0.75 20.00 ± 0.72a

Means 18.50 ± 0.71 18.24 ± 0.70 18.78 ± 0.73
T0 = (control marmalade)
T1= (marmalade containing 7% ginger powder)
T2= (marmalade containing 3% ginger extract)

Table 4: Effect of treatments and storage on a* value of marmalade.
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marmalade and clinched that during the storage study of two months 
the pH of orange marmalade progressively decreased from 3.8 to 3.3 
whereas acidity of apple jam increased from 0.66 to 0.75 that is quite 
similar with control values of present research.

Likewise, Rababah et al. [24] checked the nutraceutical, physico-
chemical and sensory attributes of raisins marmalade and concluded 
that the pH of raisin marmalade decreased from 3.6 to 3.3 with the 
passage of time while the acidity increased due to inversely proportional 
relation. Similarly, Abdollahi et al. [25] prepared pomegranate 
marmalade with the addition of quince puree and sugar at different 
concentrations and reported that the pH of marmalade decreased 
with the addition of sugar and acidity decreased gradually from 10% 
sugar added marmalade to 30% extra sugar added marmalade. The 
same trend was observed in other treatment of quince puree added 
marmalade. The maximum acidity was observed in marmalade with 
10% quince puree whilst the lowest acidity was observed at 40% added 
which correspondingly increased the pH. 

Another research conducted by Yildiz and Alpaslan [26] worked on 
properties of rose hip marmalades to investigate the physico-chemical 
attributes. They reported that the pH of rose hip marmalade was 3.86 ± 
0.12 although the acidity was 0.60 ± 0.12 that was high due to the extra 
addition of citric acid. Moreover, Safdar et al. [30] functioned with the 
physico-chemical characteristics of mango jams and recounted that the 
pH of mango jam decreased from 3.99 ± 0.03 to 3.70 ± 0.03 from the 
storage interval of two months. Similarly the acidity of that mango jam 
increased from 0.55 ± 0.042 to 0.63 ± 0.072 during storage interval. 

Brix and brix/acid ratio 

Means square related to brix and brix/acid ratio of marmalade 
(Table 11) represented that treatment and storage intervals have non-
significantly affected the brix of marmalade. Mean brix (Table 12) 
represented that it increased with the addition of ginger extract and 
control in T2 and T0 (68.96 ± 2.69 and 68.92 ± 2.70 correspondingly) 
in contrast to T1 (68.24 ± 2.66). Brix of marmalade non-significantly 
increased as function of storage from 68.14 ± 2.34 to 69.20 ± 2.49 
however, remained high in T2. Similarly, brix/acid ratio has significant 
effect for treatments and interval however, non-momentous effect was 
observed for interaction. Means related to brix/acid ratio (Table 13) 
showed that highest marks were obtained by T2 109.71 ± 4.28 followed 
by T1 (98.77 ± 3.85) and T0 (93.39 ± 3.64). Storage interval proved that 
brix/acid decreased from 111.25 ± 3.78 to 91.17 ± 3.28 due to gradual 
increase in brix as well as in acidity of marmalade. 

The results obtained in this study are supported by Egbekun et al. 
[28] concluded that total soluble solids or brix of orange marmalade 
are 68.90. The increase in the brix during storage may be due to the 
formation of water soluble pectin that was used in it. The results are in 
accordance with the findings of Garcia-Martinez et al. [31], reported 
that brix values for orange marmalade ranges between 49-66 brix. 
Similarly, Hussnain and Shakir [15] manufactured orange marmalade 
and suggested that the brix of orange marmalade increased from 
68 at zero days to 74 at 60th day due to which brix/acid proportion 
progressively decreased from 103 to 98.66 that supported the results of 
present study. 

One of their peers, Rababah et al. [24] suggested that the brix 
of raisin marmalade varied from 69.9 to 65.2 °Brix during storage. 
Afterwards, Yildiz and Alpaslan [26] calculated the brix of rose hip 
marmalade to compute the brix and brix to acid ratio of marmalade. 
According to their research the brix increased from 55.5 to 53.0 due 
to which brix to acidity ratio decreased significantly from 92.5 to 58.9. 

Storage intervals 
(days)

Treatments
Means

T0 T1 T2

0 1.64 ± 0.06 1.76 ± 0.04 1.70 ± 0.05 1.70 ± 0.07
15 1.62 ± 0.06 1.70 ± 0.04 1.66 ± 0.05 1.66 ± 0.06
30 1.58 ± 0.05 1.66 ± 0.04 1.62 ± 0.05 1.62 ± 0.06
45 1.54 ± 0.05 1.62 ± 0.03 1.58 ± 0.06 1.58 ± 0.05
60 1.50 ± 0.05 1.54 ± 0.05 1.52 ± 0.06 1.52 ± 0.05

Means 1.58 ± 0.06 1.66 ± 0.05 1.62 ± 0.06
T0 = (control marmalade)
T1= (marmalade containing 7% ginger powder)
T2= (marmalade containing 3% ginger extract)

Table 5: Effect of treatments and storage on b* value of marmalade.

Storage intervals 
(days)

Treatments
Means

T0 T1 T2

0 16.49 ± 0.56 18.42 ± 0.63 16.65 ± 0.58 17.19 ± 0.58
15 17.87 ± 0.57 19.65 ± 0.62 17.89 ± 0.57 18.47 ± 0.59
30 18.63 ± 0.55 20.35 ± 0.61 18.83 ± 0.61 19.27 ± 0.58
45 19.75 ± 0.75 21.00 ± 0.80 20.01 ± 0.76 20.35 ± 0.77
60 20.11 ± 0.72 21.23 ± 0.76 20.85 ± 0.75 20.69 ± 0.74
Means 18.55 ± 0.70 20.13 ± 0.79 18.85 ± 0.73
T0 = (control marmalade)
T1= (marmalade containing 7% ginger powder)
T2= (marmalade containing 3% ginger extract)

Table 6: Effect of treatments and storage on chroma value of marmalade.

Storage intervals 
(days)

Treatments
Means

T0 T1 T2

0 5.14 ± 0.17 4.57 ± 0.16 5.14 ± 0.17 4.95 ± 0.17
15 5.13 ± 0.16 4.56 ± 0.15 5.13 ± 0.16 4.94 ± 0.16
30 5.15 ± 0.15 4.57 ± 0.14 5.15 ± 0.15 4.96 ± 0.15
45 5.12 ± 0.19 4.58 ± 0.17 5.14 ± 0.20 4.95 ± 0.19
60 5.13 ± 0.18 4.57 ± 0.16 5.14 ± 0.20 4.94 ± 0.18

Means 5.13 ± 0.20 4.57 ± 0.18 5.14 ± 0.20
T0 = (control marmalade)
T1= (marmalade containing 7% ginger powder)
T2= (marmalade containing 3% ginger extract)

Table 7: Effect of treatments and storage on hue angle of marmalade.

marmalade but significant effect for storage. Table 9 has showed that pH 
of marmalade 3.50 ± 0.14, 3.58 ± 0.14 and 3.64 ± 0.14 for T0 (control), 
T1 (7% ginger powder), and T2 (3% ginger extract). Other reason for 
the decrease in pH was the addition of citrus peel and ginger effect on 
the pH of marmalade. pH of marmalade decreased during storage time 
from 3.68 ± 0.13 to 3.45 ± 0.13 because of change in pectin structural 
gelling ability. Acidity of marmalade increased with the decrease in pH 
of marmalade during storage duration. It is evident from Table 10 that 
acidity changed non-significantly as a function of treatment i.e. 0.72 
± 0.03, 0.68 ± 0.03 and 0.62 ± 0.03 in T0, T1 and T2, correspondingly. 
With passage of time, acidity value for all treatments increased non-
significantly that was minimum for T2 (0.60 ± 0.02 to 0.74 ± 0.05). 

The results obtained in this study are supported by Egbekun et al. 
[28] reported the acidity value for the orange marmalade is 1.29 while 
studying the utilization of fluted pumpkin fruit in marmalade. Acidity 
represents the percentage of acids present in the product. The main 
reason for acidification is to enhance the flavor and act as a preservative 
against microbial growth. The acidity increase during the storage 
resulted due to formation of acidic compounds by the degradation or 
oxidation of the carbonyl compounds [29]. Furthermore, Hussnain and 
Shakir [15] tested the chemical and organoleptic properties of orange 
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Additionally, Safdar et al. [30] prepared the mango jam and concluded 
that the brix of mango jam increased during storage from 67.60 ± 0.22 
to 71.90 ± 0.46 whilst the brix/acidity ratio decreased from 143.80 ± 
4.66 to 107.93 ± 3.04.

Sensory evaluation of marmalade

For sensory evaluation of marmalade 10 points scale was engaged 
for rating the sensory attributes i.e. color, flavor, taste, texture and 
spread ability. Mean squares (Table 14) for storage effect have shown 
non-significant difference for all sensory parameters of marmalade 
except texture while in case of treatments, taste, flavor, spread ability 
and overall acceptability have significantly changed. Interaction of 
treatments and storage intervals has non-momentous effect on all 
sensory attributes of marmalade. 

Means related to scores of color for treatment (Table 15) elucidated 
that supplementation of marmalade with ginger powder and its 

SOV df pH Acidity
Treatment (A) 2 0.07NS 0.02NS

Storage (B) 4 0.08* 0.04*

AxB 8 0.01NS 0.02NS

Error 30 0.03 0.01
*= Significant
NS= Non-significant

Table 8: Mean squares for pH and acidity of marmalade.

Storage intervals 
(days)

Treatments
Means

T0 T1 T2

0 3.60 ± 0.12 3.68 ± 0.13 3.76 ± 0.13 3.68 ± 0.13a

15 3.56 ± 0.11 3.64 ± 0.12 3.72 ± 0.12 3.64 ± 0.12ab

30 3.50 ± 0.11 3.60 ± 0.12 3.64 ± 0.13 3.58 ± 0.11b

45 3.46 ± 0.13 3.52 ± 0.13 3.58 ± 0.14 3.52 ± 0.13bc

60 3.38 ± 0.12 3.46 ± 0.12 3.50 ± 0.13 3.45 ± 0.13c

Means 3.50 ± 0.14 3.58 ± 0.14 3.64 ± 0.14
T0 = (control marmalade)
T1= (marmalade containing 7% ginger powder)
T2= (marmalade containing 3% ginger extract)

Table 9: Effect of treatments and storage on pH of marmalade.

Storage intervals 
(days)

Treatments
Means

T0 T1 T2

0 0.66 ± 0.02 0.60 ± 0.02 0.54 ± 0.02 0.60 ± 0.02e

15 0.70 ± 0.02 0.64 ± 0.02 0.58 ± 0.02 0.64 ± 0.02d

30 0.72 ± 0.02 0.68 ± 0.02 0.62 ± 0.02 0.67 ± 0.02c

45 0.74 ± 0.03 0.72 ± 0.03 0.64 ± 0.03 0.70 ± 0.04b

60 0.78 ± 0.03 0.74 ± 0.03 0.70 ± 0.04 0.74 ± 0.05a

Means 0.72 ± 0.03 0.68 ± 0.03 0.62 ± 0.03
T0 = (control marmalade)
T1= (marmalade containing 7% ginger powder)
T2= (marmalade containing 3% ginger extract)

Table 10: Effect of treatments and storage on acidity of marmalade.

SOV df Brix Brix/acid ratio
Treatment (A) 2 2.43NS 1143.20*

Storage (B) 4 1.55NS 992.43*

AxB 8 0.04NS 24.32NS

Error 30 3.43 347.74
*= Significant
NS= Non-significant

Table 11: Mean squares for brix and brix/acid ratio of marmalade.

Storage intervals 
(days)

Treatments
Means

T0 T1 T2

0 68.20 ± 2.32 67.88 ± 2.31 68.34 ± 2.32 68.14 ± 2.34
15 68.64 ± 2.20 68.06 ± 2.18 68.74 ± 2.20 68.48 ± 2.19
30 68.92 ± 2.07 68.24 ± 2.05 69.00 ± 2.07 68.72 ± 2.06
45 69.28 ± 2.63 68.40 ± 2.60 69.26 ± 2.63 68.98 ± 2.62
60 69.54 ± 2.50 68.62 ± 2.47 69.44 ± 2.50 69.20 ± 2.49

Means 68.92 ± 2.70 68.24 ± 2.66 68.96 ± 2.69
T0 = (control marmalade)
T1= (marmalade containing 7% ginger powder)
T2= (marmalade containing 3% ginger extract)

Table 12: Effect of treatments and storage on brix of marmalade.

Storage intervals 
(days)

Treatments
Means

T0 T1 T2

0 100.54 ± 3.42 110.08 ± 3.74 123.41 ± 4.19 111.25 ± 
3.78a

15 95.41 ± 3.05 103.47 ± 3.31 115.32 ± 3.69 104.73 ± 
3.35b

30 93.14 ± 2.79 97.64 ± 2.93 108.29 ± 3.25 99.69 ± 3.00c

45 91.09 ± 3.46 92.44 ± 3.51 105.30 ± 4.00 96.28 ± 3.66d

60 86.75 ± 3.12 90.23 ± 3.25 96.52 ± 3.47 91.17 ± 3.28e

Means 93.39 ± 3.64c 98.77 ± 3.85b 109.71 ± 4.28a

T0 = (control marmalade)
T1= (marmalade containing 7% ginger powder)
T2= (marmalade containing 3% ginger extract)

Table 13: Effect of treatments and storage on brix/acid ratio of marmalade.

SOV df Color Flavor Taste Texture Spread 
ability

Overall 
acceptability

Treatments 
(A) 2 0.11NS 1.13* 0.83* 0.18NS 0.19* 0.12*

Storage (B) 4 0.22NS 0.81NS 0.21NS 0.35* 0.04NS 0.19*

A x B 8 0.18NS 0.02NS 0.01NS 0.23NS 0.11NS 0.03NS

Error 30 0.15 0.41 0.17 0.06 0.06 0.04
**= Highly significant
NS= Non-significant

Table 14: Mean squares for sensory evaluation of marmalade.

extract has non-momentously changed color score of product that 
was maximum for T1 (7% ginger powder) 7.22 ± 0.28 as compared to 
T0 (control) and T2 (3% ginger extract) 7.14 ± 0.28 and 7.06 ± 0.29, 
respectively. 

 It was obvious from means for flavor of marmalade (Table 16) that 
maximum score was obtained by T1 7.42 ± 0.25 followed by T0 and T2 
7.25 ± 0.25 and 7.06 ± 0.28, correspondingly. In the same way, flavor of 
marmalade decreased as a function of storage from 7.30 ± 0.31 to 7.24 
± 0.25 at 0 and 60 days. 

Results corresponding to the means for taste characteristics are 
presented in the Table 17. In which T1 and T0 showed the highest 
marks (7.40 ± 0.28 and 7.32 ± 0.27, respectively) whereas T2 showed 
the lowest value 7.20 ± 0.28. Textural attributes of marmalade was 
presented in Table 18. From marmalade texture, T0 got maximum 
score 7.28 ± 0.28 as compared to T2 7.26 ± 0.29 and T1 7.24 ± 0.26, 
respectively. Marmalade became harder during two month storage 
interval due to increase in total soluble solids and gelling ability of 
pectin that reduced acceptability from 7.46 ± 0.25 to 7.10 ± 0.28. It is 
evident for mean of spread ability (Table 19) that supplementation of 
ginger powder and extract has significantly showed difference in spread 
ability of ginger marmalade that was highest 7.22 ± 0.20 for T2. On the 
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other hand, spread ability of marmalade became harder with passage of 
time that changed significantly from 7.18 ± 0.25 to 7.04 ± 0.27 during 
0 to 60 days. Moreover, means concerning to overall acceptability of 
marmalade (Table 20) represented that T1 got maximum score (7.35 ± 
0.28) tracked by T0 (7.28 ± 0.29) and T2 (7.16 ± 0.24) that reduced from 
7.44 ± 0.31 to 7.07 ± 0.25. Keeping in view all parameters, marmalade 
containing 7% ginger powder got maximum points as compared to 
3% ginger extract supplemented marmalade. Ginger powder inclusion 
has increased dietary fibers of resultant marmalade. It was supported 
from literature that addition of ginger not only has effect on sensory 
attributes of resultant product but also decreased protein and fat level. 

The results are agreement with the outcomes of Hussnain and 
Shakir [15] studied the changes in sensory parameters of marmalade 
during the storage interval of two months. They reported that the color 
of orange marmalade gradually decreased during storage time from 7.4 
to 6.5. Likewise the taste of marmalade decreased from 7.0 to 6.5. Same 
trend was detected in texture and overall acceptability of marmalade 
that decreased in same line from 7.4 to 6.9 in the case of texture and 
7.8 to 7.1 for acceptability that is almost same with our control results. 
Moreover, Yilida and Alpasan [26] worked on the rose hip marmalade 
and concluded that in sensory attributes the color and appearance 

of marmalade decreased from 4 87 ± 0.12 to 4.10 ± 0.10 when the 
acceptance scale was varied from 0-5. Same trend was observed in 
consistency (4.60 ± 0.10 to 4.20 ± 0.17), odor (3.83 ± 0.29 to 3.63 ± 
0.32) and taste decreased from 5.50 ± 0.50 to 5.17 ± 0.29.

By the judgment of the following advantages of ginger powder and 
extracts, their utilization in food products in order to prevent lipid 
peroxidation, prolong shelf life and improve organoleptic properties 
is very economical. Although they are required to be added in larger 
amounts as compared to synthetic chemicals but there is no legislation 
regarding to its dosage level in food products.
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