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Abstract Lycium spp. fruit (goji or wolfberry) has become
more popular due to its public acceptance as a functional
food or “super food/fruit”. The aim of this study was to
describe the influence of two different drying systems (air-
thermal and freeze drying) on fresh and dried goji fruit
nutraceutical traits and report on the level of potentially
bioactive compounds and their effects on total fruit phyto-
complex and antioxidant activity. Spectrophotometric and
chromatographic methods coupled to multivariate analysis
were performed on all the goji samples. In this research,
goji fresh and dried fruits were identified as a source of
compounds with potential health-promoting properties. The
results of this study showed that freeze drying allowed to
preserve most of the phytochemical characteristics of the
fresh fruits, as phenolic acids (ferulic and ellagic acids)
and vitamin C content. Moreover, polyphenols could be
selected as biomarkers in order to distinguish different
Lycium species or the same Lycium genotype from different
geographical areas. This research emphasizes that an ade-
quate evaluation of nutraceutical traits is necessary in order
to select the higher-quality raw materials (cultivated varie-
ties): as a cost-effective and efficient way to trace food, this
study showed that HPLC fingerprint can be used to identify
and track different raw materials (fresh fruits) and derived
food products (dried fruits).
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Introduction

The international food trade is continuously growing, led
by the sophisticated preservation technology and rapid
transport methods. Additionally, consumers’ tastes and food
habits are changing, becoming more varied, and stimulat-
ing the demand for traditional and new foods from other
regions, attractive not only for their culinary characteristics
but also for their novel properties [1]. However, the sustain-
ability of these new productions from other areas compared
with common local fruit species should also be evaluated
[2]. In particular, the so-called functional foods are one of
the most interesting areas of research and innovations in
the food industry [3]: the growing demand for functional
food may be associated with the rising costs of health care,
the steady increase in life expectancy and the interest of the
elderly in the improvement of life quality [4].

This growing consumer’s awareness coupled with pro-
gress in nutrition science provides companies with oppor-
tunities to develop a range of new functional products [5,
6]. However, consumer choices of functional foods involve
increasing perceived risks and complexity [7]. Moreo-
ver, food trade globalization requires the development of
an integrated approach for tracing the origin, quality, and
authenticity of commercialized products to ensure food
safety [8]. Food traceability is essential to boost the reli-
ability of labeling, certify the origin and quality of market
produce, and prevent labeling fraud [9]. To address these
problems, different marker methods are used, as molecu-
lar techniques [10], phytochemical fingerprinting [11, 12],
sensory analysis [13]. In this context, Lycium spp. fruit,
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commonly known as goji (or wolfberry), has become more
popular for the last few years due to its public accept-
ance as a functional food or “super food/fruit” with highly
advantageous nutritive and antioxidant properties [14].

Lycium spp. fruit is a famous traditional medicine in
Asian countries [15]. There are two closely related spe-
cies, Lycium barbarum L. and L. chinense Miller, used as
a functional food for more than 2500 years [16]. Through
specialized health food stores, L. barbarum has penetrated
the world health product market with a total export of
US$ 120 million in China. The closely related species L.
chinense is also sold as goji in grocery stores: however,
the price of L. chinense is much lower than that of L. bar-
barum, which has steeply decreased the cost of using goji
products. Another member of Lycium spp., L. ruthencium,
is extremely scarce and thus has become costly because
of demand [9]. The identification of L. barbarum and its
closely related species is important not only for food origin
monitoring but also for ensuring clinical drug safety [17]:
as the morphology and tissue structure of the L. barbarum
fruit resemble those fruit of other Lycium species, species
closely related to the official goji dominate the market [18].

Modern studies indicate that extracts from Lycium spp.
possess a range of biologic activities, including antioxi-
dant properties [14]. The extracts also exhibit antiaging
effects, neuroprotection, promotion of endurance, increased
metabolism, improved control of glucose and other diabetic
symptoms, antiglaucoma effects, immunomodulation, anti-
tumor activity, and cytoprotection [19].

An increased awareness of their possible health ben-
efits intensified the interest in the goji chemical composi-
tion: Lycium fruits are a rich source of nutrients and phy-
tochemicals as organic acids, sugars and polysaccharides,
carotenoids (zeaxanthin), vitamins (vitamin C, vitamin B
complex, vitamin E), flavonoids and phenolic acids, miner-
als and trace elements (zinc, iron, calcium, selenium, ger-
manium, and phosphorus), 18 amino acids (including eight
essential amino acids), alkaloids, and fat [14].

Goji products are sold on the health food market as fresh
fruits, but especially as dried products [20]. Drying is prob-
ably the oldest known method of food preservation: the sun
drying of fruits and the smoking of fish and meat are both
well-known processes that originated in antiquity. A dried
food product offers the advantage of decreased weight,
which has the potential for savings in the cost of transport-
ing the product. However, there is often a decrease in the
quality of the dried product because most of the conven-
tional techniques use high temperatures during the drying
process [21]. As many of the new techniques use lower
temperatures and/or decreased drying times, they should be
considered for use by the food industry. The terms “dried”
or “dehydrated” are not synonymous: the US Department
of Agriculture lists dehydrated foods as those with no more
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than 2.5 % water, while dried foods apply to any food prod-
uct with more than 2.5 % water [22].

The drying system technology should be selected con-
sidering the final destination of the produce, its specifica-
tions and characteristics. Solar (open-air) drying is the
traditional drying method for goji fruits and probably the
oldest industrial process still being used. However, this pro-
cess has several drawbacks, as the requirement for large
areas of space and for high labor inputs, difficulty in con-
trolling the drying rate, insect infestation and microbial
contamination [21]. Convection drying is a simple tech-
nique, which is in some ways similar to solar drying and
has many of the same drawbacks, as quality losses regard-
ing color, flavor (taste and aroma), and texture, limited
rehydration, case hardening (the formation of a hard outer
shell), and shrinkage [23]. The drying process takes place
in an enclosed, heated chamber. The drying medium—
in most cases, hot air—is allowed to pass over the prod-
uct, which has been placed in open trays [24]. In contrast,
another technique, freeze drying, utilizes the principle that,
under high vacuum, frozen water can be removed from a
food and collected without going through a liquid phase. In
this way, freeze drying produces the highest-quality dried
food product: the freeze-dried fruits become very light and
crispy and retain much of their original flavor (taste and
aroma) and phytochemicals. This is largely because the
structure of the fruits is not severely damaged as in other
drying procedures. However, this method is a slow and
expensive process [21, 23].

Dried fruits possess much lower moisture content as a
large proportion of their original water has been removed,
either naturally through sun drying or through the use of
specialized dryers or dehydrators [20]. Epidemiologic
studies have found an association between dried fruit con-
sumption and diet quality [25]. Indeed, dried fruits are rich
sources of essential nutrients and health-promoting bioac-
tive compounds [26]: they are low in their fat and sodium
content, devoid of trans-fats and cholesterol and good
sources of dietary fiber and minerals (copper, iron, magne-
sium, manganese, phosphorus, and potassium) [27]. Dried
fruits are also excellent sources of phytochemicals with
high values of antioxidant activity, as phenolic compounds
and vitamins. In particular, dried fruits contain both water-
soluble (betaine, choline, folate, niacin, pantothenic acid,
pyridoxine, riboflavin, thiamine, and vitamin C) and fat-
soluble vitamins (A, E, and K) [19]. In general, they are
not good sources of amino acids due to their low protein
content, even if dried fruits contain all indispensable amino
acids.

Numerous health benefits of dried fruits have been
reported [28]. Indeed, dried fruit consumption is associated
with a lower body weight, improved adiposity measures,
and higher overall diet quality [20] thanks to their essential
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Table 1 Origin and identification code for each goji fruit sample

Sample Sampling site Identification code
Fresh fruit genotype 1 Boves GBovF

Dried fruit genotype 1 Boves GBovD

Fresh fruit genotype 2 Bagnasco GBagnF

Dried fruit genotype 2 Bagnasco GBagnD

Freeze-drying system was considered

nutrients and phytochemicals as well as their antioxidant
activities [26].

Dried fruits are widely used as ingredients in pack-
aged snacks, confectionary products, baked goods, cereals,
energy and nutritional bars, ready-to-eat salads, and sweet
industries, among many other specialty foods [29].

This study focused on nutraceutical traits and health-
promoting effects based on the chemical fingerprint and
antioxidant activity of fresh and dried fruits despite the
confusion and difficulty of distinguishing between L. bar-
barum and L. chinense cultivated varieties, morphological,
quality, and nutraceutical information indicates that prob-
ably hybrid cultivars between the two species were ana-
lyzed. These genotypes are actually the most cultivated in
small family-managed farms and nurseries with commer-
cial purposes (juice products). The aim of this study was
to describe the influence of two different drying systems
on fresh and dried goji fruit nutraceutical traits and report
on the level of potentially bioactive compounds and their
effects on total fruit phytocomplex and antioxidant activ-
ity. This research emphasizes that it is necessary define an
effective phytochemical fingerprint, used as a quality and
traceability control tool; as few information is currently
available on the bioactive compound fingerprint of goji
fresh and dried fruit, the results of the present study may
encourage a deeper evaluation of the effective nutraceuti-
cal value for different Lycium spp. genotypes and different
commercial products.

Materials and methods
Plant material

Samples of goji fruit (hybrid cultivars between L. barba-
rum and L. chinense were analyzed) were harvested in two
farm located in Boves and Bagnasco (Cuneo province,
Northern Italy) in October 2014; the fruits (0.5 kg for each
plant) were manually picked from three plants for each rep-
lication. Each sample was identified with a code (Table 1).
In this research, first of all, two drying methods
were compared for each genotype and then, due to its

better performance, the innovative freeze-drying system
was selected in order to compare fresh and dried fruits: the
same analyses were performed on fresh and dried fruits in
order to understand the effects of drying processes on the
real added nutritional value of this fruit species.

A part of all the harvested fruits were immediately ana-
lyzed fresh or after being stored for few days at 4 °C and
95 % relative humidity (RH). The second part has been
subjected to a drying process with two different methods
(air-thermal and freeze drying). Air-thermal drying (con-
vective system) is a classic process used to dry foods:
analyzed fruits were exposed to a continuously flow-
ing hot stream of air (temperature: 60 °C; system power:
1.39 kW/h) in a stove (WIPA, Stadtlohn, Germany) at very
low relative humidity (less than 0.5 %) for 3 days in order
to reach a changeless weight (loss of water = —84 %).
Freeze drying, one of the best methods of water removal
from biological materials, was also used: in this case, water
was removed from analyzed fruits by dehydration, through
sublimation of ice in the materials by an air flow (tempera-
ture: 35-40 °C; humidity: 2-3 %) blown toward the fruits
to be dried. The equipment for freeze drying (Model NWT-
25, North West Technology, Cuneo, Italy) was based on the
“vaporization chain system” (system power: 0.72 kW/h;
drying cycle capacity: 40 kg; drying cycle time: 648 h).

Solvents and chemicals

Sodium carbonate, Folin—Ciocalteu phenols reagent,
sodium acetate, citric acid, hydrochloric acid, iron(III)
chloride hexahydrate, 2,4,6-tripyridyl-S-triazine (TPTZ),
and 1,2-phenylenediamine dihydrochloride (OPDA) were
purchased from Sigma Aldrich (St. Louis, MO, USA),
while acetic acid was purchased from Fluka Biochemika,
Buchs, Switzerland. Ethylenediaminetetraacetic —acid
(EDTA) disodium salt was purchased from AMRESCO
(Solon, OH, USA), while sodium fluoride was purchased
from Riedel-de Haen (Seelze, Germany). Cetyltrimethyl-
ammonium bromide (cetrimide) was purchased from Extra-
synthése (Genay, France).

Ethanol was purchased from Fluka Biochemika (Buchs,
Switzerland). Analytic HPLC grade solvents, methanol and
acetonitrile, and formic acid were purchased from Sigma
Aldrich and Fluka Biochemika, respectively; potassium
dihydrogen phosphate, and phosphoric acid were also pur-
chased from Sigma Aldrich. Milli-Q ultrapure water was
produced by using Sartorius Stedium Biotech mod. Arium
(Sartorius, Goettingen, Germany).

All polyphenolic and monoterpenic standards were pur-
chased from Sigma Aldrich. Organic acids were purchased
from Fluka Biochemika, while ascorbic acid and dehy-
droascorbic acid were purchased from Extrasynthése.
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Spectrophotometric analysis
Total polyphenolic compounds (TPC)

For the extraction of polyphenolic compounds, samples
(10 g) were placed in 50 mL test tubes, and 25 mL of
extraction solution (methanol and water acidified with 37 %
conc. HCL, 95:4.5:0.5 v/v/v) were subsequently added to
the weighed samples (whole fruit); after 60 min in the dark,
the extracts were homogenized with an Ultra—Turrax (T25,
IKA WERKE, Staufen, Germany) for about 1 min and then
centrifuged for 15 min at 50 Hz (3000 rpm or 1008 g) in
an ALC Centrifuge PK 120 (ALC International, Cologno
Monzese, Italy). The method used for the determination of
total polyphenol content (TPC) was based on Folin—Ciocal-
teu phenol reagent and spectrophotometric determination
[30]. A total of 0.5 g of fruit extract, weighted before dilu-
tion, and 30 mL of bi-distilled water was added to 2.5 mL
of Folin—Ciocalteu reagent and 10 mL of Na,CO; 15 %.
Then, water was added up to 50 ml (total volume); after 2 h
in the dark, absorbance was 765 nm.

The standard calibration curve was plotted using gallic
acid at concentrations of 0.02-0.1 mg mL~!. The results
were expressed as mg of gallic acid equivalents (GAE) per
100 g of fresh weight (FW).

Antioxidant activity

Antioxidant activity in the goji fruit pulp was evaluated by
ferric reducing antioxidant power (FRAP) assay [31]. The
extracts used for analysis were those used previously for
quantification of total polyphenols.

The method was based on the reduction of the fer-
ric (Fe*™) TPTZ (2.4,6-tripyridyl-S-triazine) complex to
its ferrous form (Fe?"). The FRAP reagent was prepared
daily by mixing 2.5 mL of TPTZ solution and 2.5 mL of
FeCl3-6H20 solution with 25 mL acetate buffer (0.3 M)
and then warmed at 37 °C before using; 30 mL of sample
(15 mL of extract sample and 15 mL of extraction buffer,
dilution 1:2) was added to 90 mL of bi-distilled water and
900 mL of FRAP reagent in a 2-mL micro tube and then
incubated at 37 °C for 30 min in a Shaking Water Bath
(G.FL. Shaking Water Bath mod.1083, Burgwedel, Ger-
many). Absorbance at 595 nm with a UV/Vis spectropho-
tometer (1600-PC, VWR International) was recorded.

The standard curve was obtained using FeSO,-7H,0O
(concentration range: 100-1000 pmol L~'), and results
were expressed as millimoles of Fe’" equivalents per kg
(solid food) of FW.
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Chromatographic analysis
Sample preparation protocols

Polyphenolic compounds Methanolic extracts used for the
previous analysis were filtered with circular pre-injection
filters (0.45 pum, polytetrafluoroethylene membrane, PTFE)
and then stored for a few days at normal atmosphere (N.A.),
4 °C and 95 % RH.

Organic acids For the extraction of organic acids, three
replications, each obtained from 30 fruits (whole fruit),
were considered. Five grams of fruit were put into a test
tube and 25 mL of 95 % ethanol solution were then added.
After 10 min in the dark, the extracts were homogenized
with an Ultra—Turrax (T25, IKA WERKE, Staufen, Ger-
many) for about 1 min and then centrifuged for 10 min at
66 Hz (4000 rpm or 1792xg) in an ALC Centrifuge PK 120
(ALC International, Cologno Monzese, Italy).

Samples were then stored in at N.A., at 4 °C and 95 %
R.H until analysis.

Vitamin C Ten grams of fruit (whole fruit) were put into
a test tube with 10 mL of extraction solution (0.1 mol L™!
citric acid, 2 mmol L~! ethylenediaminetetraacetic acid
(EDTA) disodium salt, and 4 mmol L™! sodium fluoride in
methanol—water 5:95 v/v) were then added.

The extracts were homogenized with an Ultra—Tur-
rax (IKA WERKE T25) for about 1 min and then cen-
trifuged for 10 min at 66 Hz (4000 rpm or 1792xg) at
room temperature in an ALC Centrifuge PK120. The
supernatants were recovered and transferred to a sec-
ond test tube through filter cloth and then acidified with
4 mol L™! HCI to decrease the pH solution to a value of
2.2-2.4 [32].

Acidified samples were centrifuged for 5 min at 200 Hz
(12,000 rpm or 16,128xg) at 4 °C with an ALC Multi
Speed refrigerated centrifuge PK 121R (ALC Interna-
tional), and the supernatants were then filtered through
a 0.45 pm filter (Titan 2 HPLC filter 17 mm PTFE Mem-
brane); polyphenolic compounds were absorbed on a
C,g cartridge for solid-phase extraction (Sep-Pak® C-18,
Waters, Milford, MA, USA). Then, 250 puL of OPDA solu-
tion (18.8 mmol L~!) was added to 750 pL of extracted
samples for DHAA derivatization into the fluorophore
3-(1,2-dihydroxyethyl)furo(3,4-b)quinoxalina-1-one
(DFQ). After 37 min in the dark, the samples were ana-
lyzed with the HPLC-DAD system [33].
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Table 2 Main validation characteristics of the used chromatographic methods for each calibration standard

Class Standard Identification Retention Method Calibration curve R? Calibration LOD LOQ
code time (fR) equation curve range (mg L™H (mg LY
(min) (mgL™)
Cinnamic acids Caffeic acid 1 4.54 A y=159.046x + 200.6 0.996 111-500 0.305 1.016
Chlorogenic acid 2 3.89 A y=13.583x 4+ 760.05 0.984 111-500 0.940 3.134
Coumaric acid 3 6.74 A y=28.9342x + 2174 0.997 111-500 2.907 9.690
Ferulic acid 4 7.99 A y=3.3963x — 4.9524 1.000 111-500 1.245 4.150
Flavonols Hyperoside 5 10.89 A y=7.1322x —4.583 0999 111-500 3372 11.241
Isoquercitrin 6 11.24 A y=28.3078x +26.621 0.999 111-500 0.252 0.840
Quercetin 7 17.67 A y=3.4095x — 98.307 0.998 111-500 4.055 13.518
Quercitrin 8 13.28 A y=2.7413x + 5.6367 0.998 111-500 5456  18.187
Rutin 9 12.95 A y=6.5808x + 30.831 0.999 111-500 2.937 9.790
Benzoic acids  Ellagic acid 10 18.65 B y=29.954x + 184.52 0.998 62.5-250 0.611 2.035
Gallic acid 11 4.26 B y=44.996x + 261.86 0.999 62.5-250 0.435 1.451
Catechins Catechin 12 10.31 B y=28.9197x + 66.952 1.000 62.5-250 2.343 7.809
Epicatechin 13 14.30 B y=12.88x —43.816 0.999 62.5-250 0.763 2.543
Organic acids  Citric acid 16 5.30 C y=1.0603x —22.092 1.000 167-1000 18.805  62.682
Malic acid 17 4.03 C y=1415x — 80.254 0.996 167-1000 15.721  52.404
Oxalic acid 18 7.85 C y=6.4502x + 6.1503 0.998 167-1000 0.550 1.835
Quinic acid 19 3.21 C y=0.8087x — 38.021 0.998 167-1000 26.106  87.021
Succinic acid 20 3.46 C y=0.9236x — 8.0823 0.995 167-1000 7.135 23783
Tartaric acid 21 5.69 C y=1.8427x 4+ 15.796 1.000 167-1000 8.520  28.401
Vitamins Ascorbic acid 22 4.14 D y=42.71x+27.969 0.999 100-1000 0.836 2.786
Dehydroascorbic 23 3.41 D y=4.1628x 4+ 140.01 0.999  30-300 1.095 3.649

acid

Apparatus and chromatographic conditions

An Agilent 1200 high-performance liquid chromatograph,
equipped with a G1311A quaternary pump, a manual injec-
tion valve, and a 20 pL sample loop, coupled to an Agilent
GI315D UV-Vis diode array detector (Agilent Technolo-
gies, Santa Clara, CA, USA), was used for the analysis.
The external standard method was used for quantitative
determinations. The external standard calibration curves
were generated using different data points. Twenty pL ali-
quots of each standard solution were used for HPLC anal-
ysis, and manual injections were performed in triplicate
for each concentration level. The calibration curves were
obtained by plotting the peak area (y) of the compound at
each level versus the concentration of the sample (x). For
reference compounds, the limit of detection (LOD) and the
limit of quantification (LOQ) were experimentally deter-
mined by HPLC analysis of serial dilutions of a standard
solution to reach a signal-to-noise (S/N) ratio of 3 and
10, respectively. The chromatographic methods, already
validated for herbal preparation analysis [34], in this case,
are used and adapted for fruit phytochemical analysis for
the first time. The validation was performed in agreement

with international guidelines for analytical techniques for
the quality control of biopharmaceuticals (ICH guidelines)
[35]. All samples were analyzed in triplicate, and standard
deviations are given in order to assess the repeatability of
the used methods. Accuracy was checked using the recov-
ery test by spiking samples with a solution containing each
bioactive compound (10 mg mL™") to reach 100 % of the
test concentration. The main analytical method validation
data are summarized in Table 2.

Four different chromatographic methods were used
to analyze the samples, two for polyphenols and one for
organic acids, and vitamins, respectively: all the single
compounds were identified in samples by comparison and
combination of their retention times and UV spectra with
those of authentic standards in the same chromatographic
conditions. In all of the used methods, bioactive compound
separation was achieved on a KINETEX—CI18 column
(4.6 x 150 mm, 5 wm, Phenomenex, Torrance, CA, USA).
Different mobile phases were used for a specific bioactive
compound identification and UV spectra were recorded at
330 nm (A); 280 nm (B); 214 nm (C); 261, and 348 nm
(D). The chromatographic conditions of each method are
reported in Table 3.
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Table 3 Chromatographic conditions of each used method

Method Compounds of Stationary phase Mobile phase Flow Time of analysis Gradient® Wavelength
interest (mL min™") (min) (nm)
A Cinnamic acids, KINETEX—C18 col-  A: 10 mM KH,PO,/H,;PO,, 1.5 20+ 2 (CT)* Yes 330
flavonols umn (4.6 x 150 mm, pH=238
S pm) B: CH,CN
B Benzoic acids, KINETEX—C18 col-  A: H,O/CH;OH/HCOOH 0.6 23+ 2(CT)* Yes 280
catechins umn (4.6 x 150 mm, (5:95:0.1 v/v/v), pH = 2.5
S pm) B: CH,OH/HCOOH
(100:0.1 v/v)
C Organic acids KINETEX—C18 col-  A: 10 mM KH,PO,/H;PO,, 0.6 134+ 2(CT)* No 214
umn (4.6 x 150 mm, pH=28
5 pm) B: CH,CN
D Vitamins KINETEX—C18 col-  A:5mM 0.9 10 + 5 (CT)* No 261, 348

umn (4.6 x 150 mm,
5 iwm)

B: CH,;0H

C,H3;N(CH,);Br/50 mM
KH,PO,, pH = 2.5

Method A gradient: 5 %B to 21 %B in 17 min 4+ 21 %B in 3 min
Method B gradient: 3 %B to 85 %B in 22 min 4 85 %B in 1 min
Method C ratio of phase A and B: 95:5

Method D ratio of phase A and B: 95:5

* CT Conditioning time

® Elution conditions

According to “multi-marker approach” [36], total bioac-
tive compound content (TBCC), intended as synergistic or
additive effects of the selected phytochemicals present in
the samples (phytocomplex), was determined as the sum of
the most important classes of bioactive compounds present
in the samples. Bioactive markers were selected comparing
health-promoting properties and the most important com-
pounds in literature with an important role in the positive
effects on human organism. Four polyphenolic classes were
considered: benzoic acids (ellagic and gallic acids), cat-
echins (catechin and epicatechin), cinnamic acids (caffeic,
chlorogenic, coumaric, and ferulic acids), and flavonols
(hyperoside, isoquercitrin, quercetin, quercitrin, and rutin).
The phenolic classes were arranged according to previous
studies [34, 37]. Organic acids (citric, malic, oxalic, quinic,
succinic, and tartaric acids) and vitamin C (ascorbic and
dehydroascorbic acids) were also considered to obtain a
complete analytical fingerprint. All results were expressed
as mg per 100 g of fresh weight (FW).

Statistical analysis

Results were subjected to analysis of variance (ANOVA)
test for mean comparison (SPSS 22.0 Software) and HSD
Tukey multiple range test (P < 0.05).

In fresh and dried fruits, synergistic or additive thera-
peutic effects of several phytochemicals (phytocomplex),
rather than a single compound, could contribute to disease
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prevention: for this reason, single compounds belonging
to the same chemical class were combined in bioactive
classes for multivariate data handling. Bioactive classes
were determined as sum of the single content of nutraceu-
ticals belonging to the same chemical class. In order to
amplify the differences in the goji fruit extracts and eas-
ily differentiate them with a better graphic visualization,
principal component analysis (PCA) was performed on
the nutraceutical data: the data matrix was defined as 12
objects (3 repetitions for 4 samples) and 5 variables (bio-
active classes coupled according to the chromatographic
methods). Scaling was carried out as data pre-treatment on
the original data: Z score scaling was carried out on the
data matrix.

Results
Nutraceutical analysis and antioxidant activity

Air-thermal dried goji fruit showed lower values of TPC than
freeze-drying ones: 420.00 & 16.13 mgg,e/100 gy (air-
thermal) versus 502.13 &£ 71.41 mgg, /100 gpy (freeze-dry-
ing) for Boves samples and 470.56 + 4.19 mgg,p/100 gpy
(air-thermal) vs 486.49 £ 3.52 mgg,p/100 gry (freeze-
drying) for Bagnasco samples. Antioxidant activity val-
ues showed the same trend: 19.58 + 0.67 mmol Fe?* kg~!
(air-thermal) versus 22.79 + 0.36 mmol Fe’* kg_l
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Table 4 TPC and antioxidant

o - - Sample Total polyphenol content (TPC) Antioxidant activity (AA)
activity data in analyzed goji
extracts Mean value SD Tukey test Mean value SD Tukey test
(mggap/100 gey) (mmol Fe?*/kg)

GBovF* 199.465 19.444 a 21.826 0.992 ab
GBovD® 502.126 71.410 b 22.794 0.362 bc
GBagnF¢ 240.268 8.582 a 21.242 0.439 a
GBagnD*? 486.488 3.523 b 23.562 0.094 c

Mean values of each sample is given (N = 3). Different letters for each sample indicate the significant dif-

ferences at P < 0.05

a
b
c

d

(freeze-drying) for Boves samples and 20.89 + 0.25 mmol
Fe’* kg=! (air-thermal) versus 23.56 4+ 0.09 mmol
Fe>™ kg~! (freeze-drying) for Bagnasco samples. For this
reason, freeze-drying method was selected to compare fresh
and dried fruits.

The content of total polyphenolic compounds in the
extracts is reported in Table 4. Results showed that the
lowest TPC value was 199.47 £ 19.44 mg; /100 grw
(sample GBovF) and the highest value was
502.13 £ 71.41 mgg, /100 ggyw (sample GBovD). GBagnD
and GBovD samples showed higher antioxidant activity
than GBagnF and GBovF samples: in particular, the lowest
FRAP value was observed in GBagnF (21.24 £ 0.44 mmol
Fe?* kg™!) and the highest in GBagnD (23.56 & 0.09 mmol
Fe?* kg™!) (Table 4).

Multivariate analysis

The initial variables were bioactive classes (cinnamic
acids + flavonols, benzoic acids + catechins, organic
acids, vitamins, TBCC) and, on the basis of eigenval-
ues >1, PCA reduced them into two principal compo-
nents (85.47 % of total variance) and confirmed the ini-
tial four groups as showed in the PCA plot (Fig. 1), and
the statistically significant differences showed in TBCC
and fingerprint profile (ANOVA test). PCA loadings
showed a correlation between TBCC, organic acids, and
vitamins and PC1 (91.7, 92.7, and 79.4 % of total vari-
ance, respectively) and a correlation between cinnamic
acids + flavonols, and benzoic acids + catechins and
PC2 (93.1, and 92.4 % of total variance, respectively).
Organic acids, vitamins and cinnamic acids have been
identified as bioactive classes with the most discriminat-
ing power: these three nutraceutical classes included the
compounds with higher statistical differences in their
bioactive content.

GBovF = fresh goji fruits from Boves

GBovD = dried goji fruits from Boves (freeze-drying)
GBagnF = fresh goji fruits from Bagnasco

GBagnD = dried goji fruits from Bagnasco (freeze-drying)

PCA plot showed two directions of sample differen-
tiation: “drying process” direction related to PC1 (organic
acids and vitamins) and “genotype/origin” direction related
to PC2 (polyphenolic compounds).

Total bioactive compound content (TBCC)
and fingerprinting

All data (with mean values) are reported in Table 5 (TBCC
and single compounds).

The content of total bioactive compounds in the evalu-
ated samples was calculated as the sum of the most impor-
tant biologically active molecules detected in the extracts.
The analyzed samples showed a lower TBCC value of
453.34 £ 25.28 mg/100 gry (sample GBovD) and a higher
value of 905.09 £ 293.80 mg/100 ggy (sample GBagnD).

Goji samples showed the following bioactive compound
composition (fingerprint): four cinnamic acids (caffeic
acid, chlorogenic acid, coumaric acid, ferulic acid), one fla-
vonol (hyperoside) except GBovD and GBagnD samples,
one benzoic acid (ellagic acid), two catechins (catechin,
epicatechin), six organic acids (citric acid, malic acid,
oxalic acid, quinic acid, succinic acid, tartaric acid), and
vitamin C (expressed as the sum of ascorbic acid and dehy-
droascorbic acid); isoquercitrin, quercetin, quercitrin, rutin,
and gallic acid were not detected.

The chemical fingerprint of goji fruit analyzed samples
was defined: in total, 15 bioactive compounds were iden-
tified by HPLC/DAD. By single bioactive compound pro-
file, health-promoting agents were grouped into different
classes to evaluate the single contribution of each class to
total fruit phytocomplex composition.

In all the goji fruit samples, phytochemical composi-
tion was influenced by the used drying system: in total fruit
phytocomplex, the content of phenolic acids, catechins and
vitamins in samples dried by air-thermal system showed

@ Springer
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Fig.1 PCA plot of fruit extract samples

lower values than freeze-drying system. For this reason,
freeze-drying system was selected in order to compare
fresh and dried fruits.

The chemical fingerprint showed the prevalence of
organic acids (62.74 %) and vitamins (25.52 %) in chemi-
cal composition of all the analyzed samples (mean values
were considered; Fig. 2), followed by catechins (6.97 %)
and cinnamic acids (4.26 %; Table 6).

Moreover, polyphenols could be divided in several sub-
classes with different contribution to total polyphenolic
composition; in the polyphenol group, the most impor-
tant classes were catechins (59.60 %) and cinnamic acids
(36.92 %), followed by benzoic acids and flavonols (mean
values were considered in the evaluation of polyphenol per-
centage composition; Fig. 3).

Discussion
In this study, polyphenolic composition was evaluated
by spectrophotometric and chromatographic analysis,

but vitamins and organic acids were also considered in
order to assess a more complete bioactive compound

@ Springer
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profile. Moreover, evaluation of antioxidant activity was
considered an important method to evaluate the nutraceuti-
cal properties of fruit, as shown in other previous studies
[38]. Goji TPC values (Table 4) were similar to blueberry
fruits [39] and comparable with those of other common
fruit species, such as Ribes nigrum [40], Actinidia deliciosa
[41], and Citrus sinensis [13]. Drying process may hydro-
lyze the phenolic compounds, and sometimes hydrolyzed
compounds may give a higher response in FC method.
Antioxidant activity showed values similar to other berry
species [42] in a range between raspberry and strawberry
fruits [43]. Similar results were reported in other researches
on phytochemical composition and bioactivity of goji fruits
[16, 19, 20]. TPC values were much higher for dried fruits
than the corresponding values for their fresh counterparts
because antioxidants became concentrated after the drying
process. While there was a loss or modification of some
specific phytochemicals during drying, antioxidant activity
remains relatively unchanged during the process, implying
that some bioactive compounds were unidentified, as shown
in other researches [20, 27]: Table 5 highlighted that dried
fruits, in general, presented a smaller amount of vitamin C
than fresh fruits. In phytocomplex composition of Boves
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Fig. 2 Antioxidant phytocomplex representation for each analyzed
extract. The first two vertical bars on the left are referred to samples
from Boves (fresh and dried, respectively), while the other ones are
referred to samples from Bagnasco (fresh and dried, respectively).
Freeze-drying system was considered

samples, vitamin C decreased from 27.62 % (fresh) to
25.89 % (dried), while in Bagnasco samples from 29.30 %
(fresh) to 19.29 % (dried). There is often a decrease in the
dried product quality, as a reduction of nutraceutical prop-
erties or undesirable changes in the sensory traits, because
most conventional techniques use high temperatures during
the drying process: the results of this study confirmed that
freeze drying allowed to preserve most of the phytochemi-
cal characteristics of the fresh fruits, as TPC and relative
antioxidant activity, phenolic acids (ferulic and ellagic
acids) and vitamin C content (Tables 7, 8).

Thanks to these nutraceutical properties, the Lycium spp.
fruit is now increasingly being presented as a functional
food throughout Europe and in Asian countries [44], even
if, considering the results of this study, nutraceutical value
of hybrid cultivars between the two main Lycium species
is no greater than that of other commonly grown berry
fruits. The introduction of new foods into the diet becomes
responsible for new allergic sensitizations [45]. For this
reason, traceability of goji-derived products (genotype and
origin) and differentiation among different Lycium species

GBagnD

GBagnF = Cinnamic acids
= Flavonols
Benzoic acids
GBovD = Catechins
= Tannins

GBovF

Il

o 4
= d

0.2 0.4 0.6 0.8

Fig. 3 Phenolic compound class composition of goji fruit samples.
The first two vertical bars at the bottom are referred to samples
from Boves (fresh and dried, respectively), while the other ones are
referred to samples from Bagnasco (fresh and dried, respectively).
Freeze-drying system was considered

and their hybrids can play an important role in the wolf-
berry market and in meeting the demands of both producers
and consumers.

The traditional approaches for the characterization of
goji fruits are mainly attributed to physicochemical and
sensory analysis, even if they are time consuming, require
a very experienced analyst, and are strongly dependent on
the expert’s ability and judgment [15]. In other studies, dif-
ferent genetic, analytical and quantitative methods, includ-
ing DNA barcode [9], Random Amplified Polymorphic
DNA [46], LC-MS and GC-MS [47], NIR spectroscopy
[48] have also been used to classify Lycium fruits accord-
ing to their origin and genotype. In this research, high-per-
formance liquid chromatography (HPLC) fingerprint have
been used for species and origin differentiation and quality
control: the selected phytochemicals were identified as bio-
markers with high concentration as shown in other similar
studies [16, 17] and significant statistical differences were
found in phytochemical profile of different considered gen-
otypes. Analytical fingerprint, used to detect the complex
constituents in goji extracts, was suitable for quality control

Table 6 Contribution of antioxidant classes to the fruit phytocomplex in analyzed extracts

Cinnamic acids (%) Flavonols (%) Benzoic acids (%) Catechins (%) Organic acids (%) Vitamins (%)
GBovF! 1.23 0.13 0.00 3.55 67.46 27.62
GBovDP 3.16 0.00 0.03 3.05 67.86 25.89
GBagnF*¢ 5.18 0.61 0.13 13.23 51.56 29.30
GBagnD! 7.48 0.00 1.12 8.05 64.07 19.29

? GBovF = fresh goji fruits from Boves

> GBovD = dried goji fruits from Boves (freeze-drying)

¢ GBagnF = fresh goji fruits from Bagnasco

4 GBagnD = dried goji fruits from Bagnasco (freeze-drying)

@ Springer
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Table 7 TPC and antioxidant activity data in analyzed extracts derived from dried goji fruits

Sample Drying method Total polyphenol content (TPC) Antioxidant activity (AA)
Mean value SD Tukey test Mean value SD (mmol Fe**/  Tukey test
(mggap/100 grw)  (MEear/100 grw)  (Mgaar/100 gry)  (mmol Fe**/kg)  kg) (mmol Fe?*/kg)

GBov  Air-thermal 420.002 16.125 a 19.578 0.669 a

GBov  Freeze drying  502.126 71.410 c 22.794 0.362 be

GBagn Air-thermal 470.556 4.186 ab 20.887 0.245 ab

GBagn Freeze drying  486.488 3.523 b 23.562 0.094 b

Mean values of each sample is given (N = 3). Different letters for each sample indicate the significant differences at P < 0.05

Table 8 Contribution of antioxidant classes to the fruit phytocomplex in the extracts derived from dried goji fruits

Benzoic acids (%)

Catechins (%)  Organic acids (%)  Vitamins (%)

Drying method  Cinnamic acids (%)  Flavonols (%)
GBov Air-thermal 3.06 0.00
GBov Freeze drying 3.16 0.00
GBagn  Air-thermal 6.71 0.00
GBagn  Freeze drying 7.48 0.00

0.01
0.03
0.73
1.12

2.93 71.15 22.86
3.05 67.86 25.89
7.35 67.58 17.63
8.05 64.07 19.29

of different genotypes as shown in other research [49]: in
this study, the chromatographic conditions were optimized
to obtain a chemical pattern containing complete informa-
tion of phytochemical composition with a good resolution
and a reasonable analysis time for each used methods. In
addition, a diode array detector with selected wavelengths
was used, but the chemical information of each extract
could also be identified using other detectors as mass spec-
trometry (MS). These results have provided important and
critical evidence for future development of goji fruits and
derived products under direction of their optimized quality
control methods.

PCA has been implemented to examine the qualitative
and quantitative differences among the four samples of the
goji berries used in this study: PCA plot showed that phyto-
complex of each sample depended on two different factors:
“drying process” correlated with PC1 (organic acids and
vitamins) and “genotype/origin” correlated to PC2 (poly-
phenolic compounds) as shown in Fig. 1. Organic acids
and, especially, vitamin C are heat-sensitive molecules, and
they degrade during the drying process, while polyphenols
are components with a higher molecular weight and resist-
ant to thermal degradation: the quality of dried foods is
dependent in part on changes occurring during processing
and storage [23] and vitamin C content could be one of the
main markers to select the best drying process as discussed
in this study. Moreover, polyphenolic compound composi-
tion in fruits and other plant parts strongly depends on plant
genotype and pedoclimate conditions [33]: for this reason,
they could be selected as biomarkers in order to distinguish
different Lycium species or the same Lycium genotype from
different geographical areas.

@ Springer

Finally, in this work, it was verified that HPLC finger-
print technique based on chemometrics has high potential
to control the quality of goji fresh and dried fruits for sale
in an efficient and accurate way and it could be used as
traceability control and differentiation tool: the identifica-
tion based on HPLC-DAD technique is considered a “pre-
liminary identification” since the conclusive phytochemical
identification could be better achieved after NMR and MS
analysis.

Conclusions

An intensive research for extraction of phytochemicals
from vegetables and fruits and for identification and quan-
tification of new lead compounds for the development of
novel pharmacological therapeutics is extremely important.
This study developed an important tool to assess goji prod-
uct chemical composition and bioactivity, using different
chromatographic methods for comprehensive authentica-
tion and quality control of fresh and dried fruits, showing
that the selection of a suitable drying systems could be
important in order to increase the antioxidant and health
properties of wolfberry derived product.

The results presented in this study enhance the knowl-
edge of the phytochemical composition of goji berries.
Additionally, this work could help aggregate information
in the field of biological activities and nutraceutical proper-
ties of Lycium spp. fruits. In particular, this research high-
lighted that goji dried fruits, with their unique combination
of phytochemicals and antioxidant compounds, are a con-
venient step toward healthier eating and a means to bridge
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the gap between recommended intake of fruits and actual
consumption. The results of this study showed that freeze
drying allowed to preserve most of the phytochemical char-
acteristics of the fresh fruits: thanks to this technique, goji
dried fruits could be included together with fresh fruit rec-
ommendations around the world since they help meet die-
tary guidelines for daily fruit serving and address barriers
to fruit intake.

Because free radicals are implicated in many diseases
and age-related conditions, the antioxidant dependent
actions of Lycium spp. may have a wide range of beneficial
effects. On the other hand, goji berries show a high aller-
genic potential and the prevalence of sensitization in the
Western country population should be carefully considered.
For these reasons, an adequate evaluation of nutraceutical
properties and a complete assessment of wolfberry fruit
phytochemical composition is necessary in order to estab-
lish genuine and safe raw materials: as a cost-effective and
efficient way to trace food, this study showed that phyto-
chemical fingerprint can be used to identify and track dif-
ferent raw materials (fresh fruits) and derived food com-
modities (dried fruits).
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