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A B S T R A C T

Background: Fruits are the rich source of bioactive compounds (vitamins, phenolics, carotenoids, and flavonoids)
attributing to the antioxidant potential. To make these fruits available for consumption during off-season, the
fruits are processed into shelf-stable products like jam and jellies. However, the bioactive compounds mostly
decrease during processing and storage of these products. The loss may vary with the process severity (tem-
perature and time of processing) and product composition (sugars, pectin, fruit, etc.).
Scope and approach: The overall changes in bioactive compounds during processing and storage of jam and
jellies have been summarized in this review. The factors affecting these differences and the mechanisms re-
sponsible for such reactions have been discussed in detail. It might be helpful to a food scientist or a food
industry in improving the product with respect to its quality and for health implications altogether.
Key findings and conclusions: The presence of high sugar content and pectin with a low degree of esterification
can preserve the bioactive compounds during thermal processing by reducing the adverse reactions in jam and
by interacting with functional components through hydrogen or hydrophobic bonding. The change in bioactive
compounds may continue during storage depending on storage conditions, where the storage temperature and
duration have a significant effect. Lower the temperature of storage, better is the retention of biologically active
compounds in jam and jelly. Encapsulation and use of non-thermal processing can be explored to preserve the
bioactive compounds in food products against various adverse conditions.

1. Introduction

Jam/Jelly is an intermediate moisture (semi-solid) food product
prepared by cooking of fruits with sugar (with/without added pectin
and acid) to increase the total soluble solids (TSS) content to> 65%
(Codex Stan-79, 1981). Fruits have mostly enough acidity and pectin
content (extracted during cooking), contributing to the texture devel-
opment in jam. However, external pectin and acids are added in some
cases to meet a minimum pectin requirement of 1% and pH 3.0, as gel
network is formed by pectin with specific TSS and pH. However, the
jam with lower TSS can be obtained by using different gelling agents
like gums or pectin with lower degree of esterification (low methoxyl
pectin, DE<50%), and accordingly different categories of jam can be
obtained like high-calorie jam (TSS>50%), reduced-calorie jam
(TSS<45%), and low-calorie jam (TSS<20%, no added sugar). Fur-
ther, the network between pectin and sugar is aided by the application
of heat, but there are chances of degradation of nutrients present in
fruits during processing, depending on the process severity (tempera-
ture and processing time). The nutrient loss may also inflate by the

sterilization process (> 100 °C), which is applied after cooking of the
jam to prolong its shelf-life. Fruits are generally rich in bioactive
compounds like phenolics, flavonoids, carotenoids, vitamins, etc.,
which are heat-labile components where the rate of deterioration varies
with the process conditions applied. The loss of bioactive compounds
during processing may be elevated or retarded by the product (jam/
jelly) composition like sugar, type and concentration of pectin, fruit and
its cultivar, and pH. These changes may even continue during storage of
the product, and again varying with the product composition, packa-
ging material, and storage time and temperature. Fruits, especially
those with less shelf-stability and rich in bioactive compounds like
berries, can be preserved in the form of jam/jelly. These are ready-to-
eat and shelf-stable products, which can be carried anywhere including
space (by astronauts), and are consumed widely especially by children.
Hence, there is a need for the evaluation of this technology from raw
material through processing to storage, so that the real nutritional
quality of fruit can be delivered to the end users.

Various studies have been conducted to investigate the stability of
bioactive compounds in jam/jelly during processing as well as storage.
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However, there exists an ambiguity while comparing the published data
as the end product quality is dependent on various factors like type and
variety of fruit, pH, sugar content, type and concentration of pectin,
process applied, etc. Also, variation in calculations considering either
fresh fruit or product mix as the basis for calculating the content of
bioactive compounds is adding to the ambiguity. Hence, an effort was
made to consider fresh fruit as the common base, with some exceptions,
and a comprehensive and critical overview was conducted, intending to
scrutinize the modifications (increase or decrease) in bioactive com-
pounds in jam/jelly during processing and storage.

2. Effect of pectin and sugar on bioactive compounds

Bioactive compounds are basically the secondary metabolites pre-
sent in plant tissues, comprised of vitamins and a group of compounds
known as polyphenols or total phenolic compounds (TPC). Phenols
possess an aromatic ring with one or more number of OH (hydroxyl)
groups, and can be classified as flavonoids and non-flavonoids (Crozier,
Jaganath, & Clifford, 2006). Flavonoids include anthocyanins, flavo-
nols, flavanols, flavones and flavanones, and non-flavonoids include
tannins, stilbenes and phenolic acids like hydroxybenzoic and hydro-
xycinnamic acids. However, the literature available on the effect of
jam/jelly composition on bioactive compounds is limited, especially on
individual bioactive components. The effect of jam composition on
bioactive compounds is summarized in Tables 1–3.

2.1. Anthocyanins

Anthocyanins are the water soluble pigments present in most of the
fruits and vegetables, where cyanidin, delphinidin, malvidin, pelargo-
nidin, peonidin and petunidin (Fig. 1) are the important ones, varying
in functional groups (Cote, Caillet, Doyon, Sylvain, & Lacroix, 2010).
Anthocyanins also contain a sugar molecule, which can be arabinose,
galactose, glucose, rhamnose or xylose. The instability of anthocyanins
is because of the flavylium nucleus, which is electron deficient (Francis,
1985). Pectin and sugars have been observed to stabilize the antho-
cyanins by absorbing the flavylium cation (Fernandes, Brá;s, Mateus, &

de Freitas, 2014; Von Elbe & Schwartz, 1996). Sugars lower the water
activity and prevent the flavylium cation from nucleophilic attack at the
C-2 position by water resulting in colourless carbinol base. However, at
low concentrations, sugar degradation products (furfurals) from reac-
tions like Maillard reaction accelerate the rate of anthocyanin de-
gradation. Scibisz and Mitek (2009) reported that the high-calorie (60%
TSS) blueberry jam contained significantly (P < 0.05) higher content
(11–14%) of total monomeric anthocyanins (TMA) as compared to re-
duced-calorie (38% TSS) and low-calorie (8.6% TSS) jam, for which the
low water activity and partial oxygen barrier properties of sugar were
suggested as possible reasons. Further, the jam (20% TSS) containing
oligo-fructose and no sucrose was found to contain least amount of TMA
(39% lower than high-calorie jam), which might be due to the hydro-
lysis of oligo-fructose to fructose by thermal processing, having dele-
terious effect on anthocyanins. In contrast, strawberry jam prepared by
replacing 30% sucrose by a mixture of fructose and aspartame had
37–43% higher TMA than that of high-calorie jam, which could be
because of differences in process conditions (20 and 35min at 80 °C for
reduced- and high-calorie jam, respectively) and formulations (Kopjar
et al., 2009). Also, Moura et al. (2012) examined that the reduced-
calorie blackberry jam retained significantly more (81%) TMA than
high-calorie jam (20%) due to the longer processing time for high-
calorie jam to attain the required TSS. However, no significant differ-
ence has been observed in total selected anthocyanins of high-calorie
and low-calorie blueberry jam, though major anthocyanins were in-
significantly higher in high-calorie jam (Howard, Castrodale,
Brownmiller, & Mauromoustakos, 2010). Cyanidin-3-galactoside was
significantly higher (16%) in high-calorie jam than sugar-free jam.
Further, the increase in pectin content has also been found to increase
the anthocyanin content of bilberry and blackberry jams. An increase of
13–17% TMA was observed with the increase in pectin content from 0.3
to 1%, which might be due to the increased electrostatic interactions
between the flavylium cations of the pigments (anthocyanins) and
dissociated carboxyl groups of pectin chains (Poiana, Alexa, &
Mateescu, 2012; Poiana, Munteanu, Bordean, Gligor, & Alexa, 2013). In
addition, the type of pectin has been investigated to affect the antho-
cyanin content, with low degree of esterification favouring the

Table 1
Influence of ingredients and process parameters on total phenol content (TPC) of jam/jelly of specific fruits.

Fruits Parameters (Ingredients,
Heating)

Major Findings References

9 types of berries (H) Mild heating (10–15min) − No significant effect. Amakura et al. (2000)
Blueberry (B) Sugar content, 85 °C/20–30min − Full-calorie jam contained 3% higher TPC than reduced-calorie jam

and light jam.
− Loss of 7–17% during processing.

Scibisz and Mitek (2009)

Strawberry (R) 80 °C/45–60min − Loss of 45–63%. Kovacevic et al. (2009)
Raspberry, bilberry, black currant Cooked for 30min − Loss of 80, 26, and 49% in raspberry, black currant, and bilberry jam,

respectively.
Savikin et al. (2009)

Strawberry (B) Type of pectin,
Sugar content

− LMPA jam had 7 and 20% higher TPC than LMP and HMP jam,
respectively.

Kopjar et al. (2009)

− Reduced-calorie jam contained significantly higher TPC (23–24%)
than high-calorie jam.

Strawberry, sweet and sour cherry (R) 80 °C/10–20min − Loss of 25, 31, and 42% in sour cherry, sweet cherry, and strawberry
jam, respectively.

Poiana et al. (2011)

Strawberry, cherry, apricot, fig,
orange (H)

80-105 °C − Loss of 93, 88, 72, 76, and 69% in respective jams. Rababah et al. (2011)

Bilberry (R) Pectin concentration,
80 °C/10–30min

− An insignificant increase of 16% with increase in pectin
concentration (0.3–1%).

− Loss of 42–51% during processing.

Poiana et al. (2012)

Blackberry (R) Pectin,
90-103 °C/22–23min

− Loss of 38–46, 33–43, and 47–55% in jam containing LMP, LMPA,
and HMP, respectively.

− An increase of 5–17% TPC with pectin concentration (0.3–1%).

Poiana et al. (2013)

Carrot 98-105 °C/45min − Loss of 46–56%. Renna et al. (2013)
Strawberry (H) Pectin type,

70/75/90 °C
− No significant effect of pectin and processing. Holzwarth et al. (2013)

Red raspberry 55-85 °C − Loss of 7%. Mazur et al. (2014)

* (H), (R) & (B) represent high-calorie, reduced-calorie, and both type of jam, respectively.
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