
Journal of Food Engineering 165 (2015) 149–155
Contents lists available at ScienceDirect

Journal of Food Engineering

journal homepage: www.elsevier .com/ locate / j foodeng
Nano-encapsulation of saffron extract through double-layered multiple
emulsions of pectin and whey protein concentrate
http://dx.doi.org/10.1016/j.jfoodeng.2015.06.022
0260-8774/� 2015 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Department of Food Materials and Process Design
Engineering, Faculty of Food Science and Technology, University of Agricultural
Sciences and Natural Resources, Gorgan, Iran.

E-mail address: smjafari@gau.ac.ir (S.M. Jafari).
Afshin Faridi Esfanjani, Seid Mahdi Jafari ⇑, Elham Assadpoor, Adeleh Mohammadi
Department of Food Materials and Process Design Engineering, Faculty of Food Science and Technology, University of Agricultural Sciences and Natural Resources, Gorgan, Iran
Pishro Food Technology Research Group, Gorgan, Iran

a r t i c l e i n f o a b s t r a c t
Article history:
Received 4 February 2015
Received in revised form 12 June 2015
Accepted 17 June 2015
Available online 18 June 2015

Keywords:
Nano-particles
Double layer
Multiple emulsions
Saffron
In this study, nano-particles of saffron extract (<100 nm) were encapsulated by spray drying. For this
objective, the primary saffron water extract-in-oil (W/O) micro-emulsion containing 10% (w/w) saffron
extract was re-emulsified in order to prepare W/O/W multiple emulsions, with a dispersed mass fraction
of 0.25, and stabilized using protein (whey protein concentrate (WPC))/polysaccharide (pectin). Also, the
encapsulation efficiency of crocin, picrocrocin and saffranal as core materials and surface characteristics
of spray dried powders were investigated. Our results revealed that W/O/W multiple emulsions stabilized
by sequential adsorption of WPC/pectin was the most efficient technique resulting in the better encap-
sulated efficiency for crocin, picrocrocin and saffranal, low yellow color (b⁄) surface and, smooth surface
in final powders, mainly due to fabrication of stable wall materials obtained by sequential adsorption of
WPC and pectin.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Saffron has been used in a wide variety of industries, including
food, pharmaceutical and, cosmetics due to its natural colorant,
antioxidant and therapeutic properties. Crocin, picrocrocin, and
saffranal are the major compounds of saffron responsible for its
color, aroma, and flavor, respectively (Basker and Negbi, 1983;
Sampathu et al., 1984; Zeng et al., 2003). These compounds are
rather unstable and influenced by the final processing tempera-
ture, storage temperature, pH, light, oxygen, enzymes, proteins
and metallic ions (Patras et al., 2010).

Microencapsulation is a technique for coating of bioactive
materials (like crocin, picrocrocin, and saffranal) in the form of
micro- and nano-particles and, providing protection or controlling
the release of the entrapped ingredients. There are different meth-
ods for encapsulation in the food industry and spray drying is a
common and affordable way to do this (Gouin, 2004; Jafari et al.,
2008a; Bhandari, 2004).

Improving the encapsulation efficiency during spray drying,
which is preventing volatile losses and extending the shelf-life of
the products by minimizing the amount of unencapsulated
material at the surface of powder particles, is the major emphasis
for microencapsulation of food flavors and oils (Jafari et al., 2008b).

Infeed model food systems (water, carrier, and flavor) play a key
role in optimising the encapsulation efficiency. These systems can
be prepared by different models including maltodextrins, protein
or polysaccharide based systems, and emulsion systems.

The W/O/W multiple emulsion stabilized by biopolymers is a
major food system for creating spherical spray dried powder parti-
cles in which hydrophilic ingredients are encapsulated in the inner
aqueous phase (Rodríduez-Huezo et al., 2004; Mlalila et al., 2014).

The choice of resistant wall materials can affect the encapsula-
tion efficiency of entrapped compounds within W/O/W multiple
emulsions. Therefore, applying double-layer techniques (oil dro-
plets coated by double-layered interfacial membranes) for produc-
ing W/O/W multiple emulsions, can efficiently coat oil particles
during emulsification and result in improved stability to environ-
mental stresses of encapsulated ingredients (Bouyer et al., 2012;
Giroux et al., 2013).

Rodríduez-Huezo et al. (2004) revealed powders obtained by
spray-drying of double-layer W/O/W multiple emulsions showed
the best morphology, highest microencapsulation efficiency, and
highest total carotenoids retention and a high biopolymer blend
(gum Arabic, mesquite gum and maltodextrin) to primary emul-
sion ratio also produced a high microencapsulation efficiency.

Rajabi et al. (2015) working on saffron extract microencapsula-
tion observed that a mixture with 40% TS consisting of
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