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Abstract
Dried fruits are an excellent alternative to unhealthy snacks. Twelve commercially available dried fruits were selected: dates, 
raisins, prunes, Goji berry, chokeberry, rose hip, sea buckthorn, berberis, physalis, haritaki, noni and juniper. The nutritional 
value in terms of moisture, ash, protein, fat, carbohydrate, dietary fiber, energy value, mineral composition, antioxidant activ-
ity and tannins was compared. It is a novelty in the literature in relation to the particular analytes (e.g., minerals, tannins) 
and/or fruits (e.g., berberis, noni, haritaki). Especially rich in protein were Goji berry (13.3%), sea buckthorn (9.3%), noni 
(8.9%) and physalis (8.0%); in fat − sea buckthorn (11.2%); in dietary fiber (4.4–53.0%) − most of analyzed products. High 
antioxidant capacity was noticed for haritaki, berberis, rose hip, Goji berry, and physalis. An important source of minerals 
was 100 g of: noni (345 mg of Ca; 251 mg of Mg), rose hip (844 mg of Ca; 207 mg of Mg), juniper (564 mg of Ca), sea 
buckthorn (58 mg of Fe), berberis (24 mg of Fe) and haritaki (14 mg of Fe). The nutritionally attractive dried fruits have the 
potential for wider application in food formulations.
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Introduction

Fruits are an integral and important part of everyday 
diet. Most of the food-based dietary guidelines (FBDG) 
in the world recommend consuming 5 portions (approx. 
400–500 g) of fruits and vegetables a day [1]. It is also sug-
gested to choose seasonal fruits that are available in a par-
ticular region but a significant difficulty in the implemen-
tation of these recommendations is the limited availability 
of fresh fruits throughout the year. Therefore, dried fruits 
are an alternative to fresh fruits but to a limited extent. On 
the one hand, most of them can be characterized as rich in 
dietary fiber and antioxidants, on the other hand, by a high 
content of sugars, mainly fructose, and moderate to high 
energy value [2]. Sullivan and co-authors [3] analyzed the 
impact of dried fruits consumption on the nutrients intake 

among participants of the National Health and Nutrition 
Examination Survey in the United States between 2007 and 
2016. They concluded that higher consumption of dried 
fruits can increase the intake of under-consumed nutrients 
such as dietary fiber and potassium, but it can also lead to 
higher energy intake. Therefore, FBDG in some countries 
precisely suggests the consumption of two to three portions 
(40–60 g) of dried fruits a week [4].

Dried fruits can be easily prepared on our own and, more 
often, can be bought almost everywhere. In 2018, 28% of 
dried fruit consumption was accounted for Middle-East, 27% 
for Europe, 24% for Asia, 13% for North America and 8% 
for other regions [5] The world production of dried fruit 
raised from 2.3 million metric tons in 2009/2010 to 3.2 mil-
lion metric tons in 2019/2020 led by United States (16% of 
production share), Turkey (15%), Iran (12%) and Saudi Ara-
bia (7%) [5]. The most popular dried fruits in the world are 
raisins, almost half of the worldwide production, and then 
dates, prunes, figs, apricots, peaches, apples, and pears. For 
some regions, dried fruits are an important element of the 
economy [6] but, in general, their popularity is still limited. 
In Poland, 7.1% of expenditures for food were spent on fruits 
and only 1.2% for dried fruits, frozen fruits, nuts, and fruit 
preserves. The study conducted by Jesionkowska et al. [7] 
among Dutch, French and Polish consumers showed that 
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products with the addition of dried fruits (e.g., oatmeal) are 
much more popular than dried fruits themselves but even in 
this form they are consumed a few times a month.

Some fruits such as blueberries or cherries were treated 
with sweetener, others, such as raisins, were mixed with 
oil before drying. It was to improve the taste and overall 
attractiveness of the product. Nowadays, consumers search 
for e.g., ‘clean-label’ and ‘free-from” products so most of 
the producers avoid adding sugar, preservatives, oil or other 
ingredients [8]. These trends have driven the food industry 
towards nutritious, wholesome and minimally processed 
food products and their consumption are forecasted to grow 
in the upcoming years. Only in the last decade the produc-
tion of dried fruit worldwide has increased from 2,25 mln 
metric tons in 2009/2010 to 3,22 mln in 2019/2020 [5].

Dried fruits perfectly fit into current ‘natural’ nutritional 
trends but the data on the less popular dried fruits are very 
limited. Therefore, the aim of the study was to assess the 
nutritional quality of selected commercially available dried 
fruits. These were popular fruits such as dates, raisins and 
prunes, and less popular like Goji berry, chokeberry, rose 
hip, sea buckthorn, physalis or almost unknown: berberis, 
haritaki, noni and juniper. Some of them are called “super-
fruits” because of their extraordinary health benefits. The 
paper describes nutritional and antinutritional composition 
including energy value, carbohydrates, fat, protein, dietary 
fiber, minerals, tannins and antioxidant activity. It is a nov-
elty in the literature for most of products analyzed and con-
sist a basis for the potential use of, formerly unknown, dried 
fruits in food products such as oatmeal or bars.

Material and methods

Materials

Twelve dried fruits were purchased in a Polish on-line shop in 
2019. These were: dates (Phoenix dactylifera), raisins (Vitis 
vinifera), prunes (Prunus domestica), Goji berry (Lycium 
barbarum), chokeberry (Photinia melanocarpa), rose hip 
(Rosa canina), sea buckthorn (Hippophae rhamnoides), 
berberis (Berberis vulgaris L.), physalis (Physalis peruvi-
ana), haritaki (Terminalia chebula), noni (Morinda citrifo-
lia) and juniper (Juniperus communis). All analyzed products 
were purchased from the same company (NatVita, Mirków, 
Poland) and, did not contain any additives (except for oil in 
raisins). The photography and description (including ingredi-
ents, Latin systematic name and country of origin) based on 
the producer’s declaration were presented in Table 1.

Proximate composition

All samples were frozen at −85 °C and freeze-dried. The 
freeze-drying process was performed using Alpha 2–4 LD 
plus lyophilizer (Martin Christ, Osterode am Harz, Ger-
many). Samples were milled using a M 20 Universal mill 
 (IKA®-Werke GmbH & CO. KG, Staufen, Germany) (the 
stone was removed from haritaki). All further analyses 
(excluding moisture) were performed on dried samples.

The total nitrogen was determined by the Kjeldahl 
method according to ISO 20,483 (ISO, 2013) and was used 
to calculate the protein content by multiplying the result by 
the conversion factor of 6.25. The ash content was deter-
mined according to ISO 2171 (ISO, 2007) and the total 
fat content was determined according to AACC 30–25.01 
(AACC, 2009). Measurement of moisture content was per-
formed according to AACC 44–19.01 (AACC, 2009). The 
total dietary fiber (TDF) was isolated according to AOAC 
enzymatic–gravimetric methods (AOAC 991.42; AOAC 
993.19). 1 g of the sample was dispersed in 50 mL of phos-
phate buffer (pH 6.0 ± 0.2) and incubated with 50 µL of 
α-amylase for 30 min at 95–100 °C. After cooling, the pH 
was adjusted to 7.5 ± 0.1 and 100 µL of protease was added. 
The sample was kept at 60 °C for 30 min. Hot solution was 
set to pH of 4.0–4.6 and 200 µL of amyloglucosidase was 
added and was kept at 60 °C for another 30 min. The resi-
due obtained was filtered under reduced pressure (Fibertec 
1023 system, Foss, Copenhagen, Denmark), washed with 
solvents (ethanol and acetone) and dried as insoluble dietary 
fiber (IDF) at 105 °C to constant weight. The filtrate was 
collected, ethanol (95%, 60 °C) was added and the solution 
was left for 1 h to precipitate soluble dietary fiber (SDF). 
The ratio of ethanol to sample volume was 4:1. The obtained 
fraction was filtered under reduced pressure, washed with 
solvents and dried at 105 °C to constant weight. TDF was 
calculated as the sum of IDF, SDF, ash and non-digestible 
protein. Non-digestible protein was determined by the Kjel-
dahl method (AOAC 2001.11). The determination of ash was 
analyzed by ignition at 525 °C for 5 h. Blank assays were 
conducted in parallel and each sample was analyzed in tripli-
cate. The carbohydrate content was estimated by subtracting 
the total ash, fat, dietary fiber, protein, and moisture content 
from 100%. Moreover, the energy value was calculated with 
the following formula [9]:

(1)

ENERGY
[

kcal∕100 g
]

= 4 × (PROTEIN + CARBOHYDRATE)

+ 9 × FAT + 2 × TDF
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Tannins

Tannins were determined according to the method by 
Mohapatra and co-authors [10]. 0.05 g of the sample was 
mixed with 5 mL of demineralized water and boiled for 
30 min. After cooling, 1.5 mL of supernatant was centri-
fuged for 10 min at 13,000 × g. Subsequently, 0.5 mL of 
20%  Na2CO3 and 0.25 mL of Folin–Ciocalteu reagent were 
added to 0.05 mL of supernatant and filled up to 5 mL 
with water. The solution was left in the dark for 30 min 
and the absorbance was measured at 700 nm. The standard 
curves of tannic acid were prepared for concentrations of 
0 – 100 mg  L−1.

Minerals

0.5 g of the sample was weighted into vessel and 7 mL of 
 HNO3 (65%) and 1 mL of  H2O2 (30%) were added [11]. The 
mineralization was carried out according to the recommen-
dations of the manufacturer of the microwave oven: 210 °C, 
ramp time − 15 min, hold time − 15 min, pressure − 800 psi 
and power − 900–1050 W (CEM 6, Mars, CEM Corpora-
tion, Matthews, NC, United States). After cooling, digests 
were fulfilled to 50 mL with demineralized water (Hydrolab 
System, Wiślina, Poland).

The content of most minerals − Ca, Cu, Fe, K, Mg, Mn, 
and Na were determined using microwave plasma-atomic 

Table 1  The characteristics of 
dry fruits (photography, name, 
origin, nutritional value)

CHARACTERISTICS1 NUTRITIONAL VALUE 
[PER 100 GRAM2] 

DATES 

Phoenix dactylifera 

Ingredients: 100% dried dates 

Country of origin: Iran 

Energy: 283 kcal 

Fat: 1.0 g 
Protein: 1.5 g 
Carbohydrate: 62.9 g 

RAISINS 

Sultana, Thompson seedless 
grape 

Ingredients: 99.5% Thompson 
raisins, sunflower oil 
Country of origin: Turkey 

Energy: 268 kcal 

Fat: 0.9 g 
Protein: 2.5 g 
Carbohydrate: 60.5 g 

PRUNES 

Ashlock 50/60, Prunus 
domestica 

Ingredients: 100% dried prunes 

Country of origin: Poland 

Energy: 206 kcal 

Fat: 2.4 g 
Protein: 3.6 g 
Carbohydrate: 38.8 g 

GOJI BERRY 

Lycium barbarum 

Ingredients: 100% dried goji 
berry 

Country of origin: China 

Energy: 266 kcal 

Fat: 2.4 g 
Protein:11.7 g 
Carbohydrate: 40.0 g 

CHOKEBERRY 

Photinia melanocarpa 

Ingredients: 100% dried 
chokeberries 

Country of origin: Poland 

Energy: 262 g 

Fat: 1.8 g 
Protein: 3.3 g 
Carbohydrate: 43.6 g 
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Table 1  (continued) ROSE HIP3

Rosa canina L.

Ingredients: 100% dried wild 
rose 

Country of origin: Moldavia 

Energy: 236 kcal 

Fat: 2.5 g 
Protein: 1.0 g 
Carbohydrate: 26.2 g 

SEA BUCKTHORN 

Hippophae rhamnoides 

Ingredients: 100% dried sea 
buckthorns 

Country of origin: Belarus 

Energy: 315 kcal 

Fat: 10.5 g 
Protein: 8.7 g 
Carbohydrate: 29.8 g 

BERBERIS 

Berberis vulgaris L. 

Ingredients: 100% dried berberis 

Country of origin: Iran 

Energy: 239 kcal 

Fat: 2.6 g 
Protein: 4.1 g 
Carbohydrate: 43.4 g 

PHYSALIS 

Physalis peruviana 

Ingredients: 100% dried 
physalis 

Country of origin: Ecuador 

Energy: 219 kcal 

Fat: 1.9 g 
Protein: 6.7 g 
Carbohydrate: 29.2 g 

HARITAKI3

Terminalia chebula retzius 

Ingredients: 100% dried haritaki 

Country of origin: India 

Energy: 275 kcal 

Fat: 0.3 g 
Protein: 3.6 g 
Carbohydrate: 49.0 g 

NONI3

Morinda citrifolia 

Ingredients: 100% dried noni 

Country of origin: India 

Energy: 250 kcal 

Fat: 3.8 g 
Protein: 8.2 g 
Carbohydrate: 21.1 g 

JUNIPER3

Juniperus communis 

Ingredients: 100% dried juniper 

Country of origin: Egypt 

Energy: 279 kcal 

Fat: 4.5 g 
Protein: 2.7 g 
Carbohydrate: 39.7 g 

1 Data from the product label
2 Data from the determinations (presented for fresh matter)
3 Requires milling before consumption
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emission spectrometry (MP-AES 4210, Agilent Tech-
nologies, Melbourne, Australia) according to the method 
described by Kiewlicz & Rybicka [12]. For each determi-
nation, at least two calibration curves were prepared, each 
adjusted to the concentration in the sample analyzed. The 
content of P was determined using the spectrophotometric 
molybdenum blue method [13] adopted to multiply analysis. 
The analysis was performed in 48-microwell plates (Nunclon 
Delta Surface, Thermo Fisher Scientific, Roskilde, Demark) 
using BioTek PowerWave XS2 microplate spectrophotom-
eter (Biokom, Warsaw, Poland).

Antioxidant activity

Preparation of polyphenol extracts

0.05–0.2 g of sample was mixed with 5 mL of demineral-
ized water and sonicated for 30 min using an ultrasonic bath 
(Sonorex RK 100, Bandelin electronic GmbH & Co., Ber-
lin). Extracts were filtered and kept at −18 °C until analysis. 
Two independent extractions were performed for each fruit 
sample.

Determination of total phenolic (TP) content

Determination of TPC in fruits was performed according to 
the method of Singleton and Rossi [14]. Briefly, 0.005 mL 
of fruit extract were mixed with 0.05 mL of Folin-Ciocalteu 
reagent. After 3 min, 0.15 mL of 20%  Na2CO3 and the next 
0.795 mL of demineralized water were added. The plate was 
left in the dark at room temperature for 2 h and then the 
absorbance at 765 nm was measured using a PowerWave 
XS2 microplate spectrophotometer (BioTek). At least four 
determinations were performed for each independent extract 
of the fruit. The TP content was expressed as mg of gallic 
acid equivalents per 100 g of fruit (mg GAE/100 g d.m.) 
using the calibration curve.

Determination of total flavonoid (TF) content

Determination of TFC was performed by the spectropho-
tometric method with  AgCl3 [15] and adapted to 48-well 
microplates. In brief, 0.01 or 0.05 mL of fruit extract were 
mixed with 0.5 mL of demineralized water, and 0.03 mL of 
5%  NaNO2. After 5 min, 0.06 mL of 10%  AgCl3 and 0.2 mL 
of 1 M NaOH were added. After the next 5 min, 0.2 mL or 
0.16 mL of demineralized water were added (total volume of 
1 mL), plate was shaken and the absorbance was measured at 
510 nm using a PowerWave XS2 microplate spectrophotom-
eter (BioTek). At least four determinations were performed 
for each independent extract of the fruit. The TF content was 
expressed as mg of ( ±)-catechin equivalents per 100 g of 
fruit (mg CE/100 g d.m.) using the calibration curve.

Determination of the total antioxidant capacity as the TEAC 
value

The total antioxidant capacity of fruits was determined 
using the Trolox Equivalent Antioxidant Capacity (TEAC) 
assay with  ABTS•+ radical cation according to Re et. al. 
[16].  ABTS•+ radical cation was generated by a reaction 
of 0.0077 g of ABTS dissolved in 1.8 mL of demineralized 
water with 0.2 mL of 0.0066 g/mL potassium persulphate. 
The reaction mixture was incubated in the dark at room 
temperature for 16 h. The  ABTS+ radical cation work-
ing solution was obtained by dilution with methanol to 
an absorbance of about 0.80 at 734 nm. The absorbance 
was measured 6 min after mixing 0.008 mL of the sample 
with 0.792 mL of the  ABTS+ radical cation working solu-
tion. The TEAC value was calculated as the ratio of the 
linear regression coefficient of the calibration curve for 
five dilutions of the sample and the linear regression coef-
ficient of the Trolox standard curve [17]. Two independ-
ent determinations were performed for each extract (four 
determinations for each fruit sample). The activity of fruits 
was expressed as the TEAC value (mmol of Trolox/100 g 
d.m.).

Determination of the total antioxidant capacity as the FRAP 
value

The FRAP (Ferric Reducing Ability of Plasma or Ferric 
Reducing Antioxidant Power) assay was carried out using 
the method of Benzie and Strain [18] with modifications 
described by Enko and Gliszczyńska-Świgło [17]. A vol-
ume of 0.008 mL of sample was added to 0.792 mL of the 
10 mM ferric-TPTZ reagent and the increase in absorbance 
at 593 nm was measured after 8 min. The FRAP value was 
calculated as the ratio of the linear regression coefficient of 
the calibration curve for five dilutions of the sample and the 
linear regression coefficient of the  FeSO4 × 7  H2O standard 
curve. Two independent determinations were performed 
for each extract (four determinations for each fruit sample). 
Activity of fruits was expressed as the FRAP value (mmol 
of  Fe2+/100 g d.m.).

Statistical analysis

All results are presented as a mean ± standard deviation. 
Statistical analyses were carried out using Statistica 12.0 
software (StatSoft, Inc. 2013). All data were submitted to 
one-way analysis of variance (ANOVA). The significance of 
differences between mean values obtained for products was 
determined by the least significant differences test (LSD) 
at α = 0.05.



2414 European Food Research and Technology (2021) 247:2409–2419

1 3

Results and discussion

In the study, twelve popular and less popular dried fruits 
were selected. In European societies, the most popular 
and well described in the literature are dates, raisins, 
and prunes. Less popular dried fruits are e.g., Goji berry, 
chokeberry, rose hip, sea buckthorn, berberis, physalis, 
haritaki, noni and juniper. In Table 1 the detailed descrip-
tion of analyzed samples was presented and it included 
systematic name, country of origin and ingredients (if 
applicable). The proximate composition including the con-
tent of fat, protein, carbohydrates, and energy value was 
also presented in Table 1 and the data were expressed per 
100 g of the edible portion (fresh matter) while the results 
presented in Tables 2, 3, 4, 5 were shown and discussed in 
relation to dry matter. It is worth underlining the signifi-
cant differences between the moisture of analyzed products 
and therefore the content of nutrients and antinutrients in 
their edible portions. The water content in analyzed fruits 
was within a wide range of 7% (rose hip, sea buckthorn, 
haritaki, noni, juniper) and 26% (prunes).

The content of all analyzed (protein, fat) and calculated 
(carbohydrates and energy value) nutrients significantly 
differed between selected dried fruits (Table 2). The Goji 
berry under the study had a high content of protein (13.3%) 
which is more than presented by e.g. Rodrigues and co-
authors [19] − 4–7.7% but similar to USDA [21] − 14.3%. 
Rich in protein were also sea buckthorn, noni and physa-
lis (8–9%), but other fruits had 5% or less protein. The 

content of fat was below 3% in most of analyzed products 
and 4–5% in noni and juniper. Much higher fat content 
(11.2%) was only in sea buckthorn and resulted from the 
high content of fat, both in seeds and softer parts of fruit, 
which is highly appreciated in cosmetics [20]. The con-
tent of carbohydrates was estimated by subtracting protein, 
fat, dietary fiber and ash (Table 3). The lowest content 
of carbohydrates was calculated for noni and rose hip 
(below 30%) and resulted mainly from the high content of 
dietary fiber. The highest content of carbohydrates (more 
than 70%) was found in dates and raisins, which is in line 
with the existing data [21]. The energy value was between 
254 kcal (rose hip) and 337 kcal/100 g (sea buckthorn). 
For most of analyzed products the energy value was about 
270–320 kcal/100 g (raisins, Goji berry, chokeberry, hari-
taki, noni, juniper).

The content of ash, total dietary fiber (TDF), insoluble 
dietary fiber (IDF) and soluble dietary fiber (SDF) was 
presented in Table 3. The content of total dietary fiber 
(TDF) significantly differed between analyzed fruits. The 
lowest content was found in raisins (4.4 g/100 g), average 
in dates, prunes, Goji berry and berberis (10–21 g/100 g), 
high in chokeberry, sea buckthorn, physalis, haritaki, juni-
per (30–38 g/100 g) and very high in rose hip and noni 
(53–56 g/100 g). The content of TDF in products under the 
study was similar to existing data on the dietary fiber in 
raisins, dates, prunes, buckthorn, Goji berry, chokeberry, 
physalis and rose hip [e.g. 23–25]. No data were found for 
dietary fiber in berberis, haritaki, juniper or noni. A large 

Table 2  The proximate composition (moisture, protein, fat, carbohydrates and energy value) of dried fruits

1 f.m. fresh matter
2 d.m. dry matter
3 The carbohydrate content was estimated by subtracting fat, total dietary fibre, ash (presented in Table 3), protein and moisture content from 
100%
4 Energy value was calculated based on average protein, fat and carbohydrate content three determinations for each dried fruit were performed; 
Mean values with the same letter in each column were not significantly different at α = 0.05 (sorted from the lowest to highest values)

Product Moisture [g/100 g 
f.m.1]

Protein [g/100 g d.m.2] Fat [g/100 g d.m.] Carbohydrate3 
[g/100 g d.m.]

Energy  value4 
[kcal/100 g d.m.]

Dates 13.0 ± 0.2f 1.8 ± 0.1b 1.1 ± 0.1b 72.3 ± 4.3f 326
Raisins 16.6 ± 0.2 h 3.1 ± 0.1c 1.1 ± 0.1b 72.5 ± 3.4f 321
Prunes 25.9 ± 0.1j 4.8 ± 0.4e 3.2 ± 0.2e 52.3 ± 2.9e 279
Goji Berry 12.0 ± 0.3e 13.3 ± 0.6h 2.8 ± 0.2de 45.4 ± 2.8d 302
Chokeberry 10.3 ± 0.1d 3.7 ± 0.1d 2.0 ± 0.1c 48.6 ± 2.8de 292
Rose Hip 7.3 ± 0.2bc 1.0 ± 0.1a 2.7 ± 0.3cde 28.3 ± 1.9b 254
Sea Buckthorn 6.5 ± 0.1a 9.3 ± 0.4 g 11.2 ± 1.0 h 31.9 ± 3.3bc 337
Berberis 18.6 ± 0.2i 5.0 ± 0.3e 3.2 ± 0.2e 53.4 ± 2.9e 294
Physalis 15.4 ± 0.1 g 8.0 ± 0.3f 2.2 ± 0.3 cd 34.5 ± 2.9c 259
Haritaki 7.1 ± 0.1b 3.9 ± 0.2d 0.34 ± 0.04a 52.7 ± 2.3e 296
Noni 7.1 ± 0.1b 8.9 ± 0.4 fg 4.1 ± 0.2f 22.7 ± 1.9a 270
Juniper 8.0 ± 0.3c 2.9 ± 0.1c 4.8 ± 0.3 g 43.1 ± 2.7d 303
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variation in IDF content in dried fruits was found, rang-
ing from 3.6 (raisins) to 49.0 g/100 g (noni). Rose hip had 
slightly lower IDF content (44.3 g/100 g) than noni, but it 
also had the highest content of SDF (12.0 g/100 g) among 
other dried fruits (0.6–4.9 g/100 g of SDF). Literature data 
suggest that the consumption of dried fruits rich in IDF 

(e.g., noni and rose hip) may be considered as an advantage 
due to increased satiety and intestinal regulation, while the 
beneficial effect of dietary intake of SDF (e.g., rose hip) 
results mainly from decreasing the rate of nutrients absorp-
tion and prevention of obesity and other metabolic disorders 
[24, 25]. Therefore, the consumption of most of the dried 

Table 3  The content of ash, total dietary fiber, insoluble dietary fiber, soluble dietary fiber and tannins in dried fruits

1 d.m. dry matter
2 TDF Total Dietary Fiber
3 IDF Insoluble Dietary Fiber
4 SDF Soluble Dietary Fiber
Three determinations for each dried fruit were performed; Mean values with the same letter in each column were not significantly different at 
α = 0.05 (sorted from the lowest to highest values)

Product Ash [g/100 g d.m.1] TDF2 [g/100 g d.m.] IDF3 [g/100 g d.m.] SDF4 [g/100 g d.m.] Tannins [mmol 
TA/100 g d.m.]

Dates 2.1 ± 0.1a 9.7 ± 0.3b 9.2 ± 0.3c 0.57 ± 0.03a 0.72 ± 0.02c

Raisins 2.3 ± 0.1ab 4.4 ± 0.3a 3.6 ± 0.3a 0.84 ± 0.05b 1.7 ± 0.0 f

Prunes 3.0 ± 0.1c 10.7 ± 0.5b 5.8 ± 0.1b 4.9 ± 0.6f 1.4 ± 0.1de

Goji Berry 5.4 ± 0.0f 21.1 ± 1.5d 17.4 ± 1.9e 3.7 ± 0.4de 2.8 ± 0.1 g

Chokeberry 3.1 ± 0.1c 32.2 ± 0.5e 30.8 ± 0.6f 1.5 ± 0.1c 1.2 ± 0.0d

Rose Hip 4.3 ± 0.1e 56.3 ± 0.3i 44.3 ± 0.3 h 12.0 ± 0.6 g 3.2 ± 0.1 h

Sea Buckthorn 5.3 ± 0.1f 35.8 ± 1.4 fg 32.8 ± 1.5f 3.0 ± 0.2d 0.27 ± 0.01a

Berberis 3.8 ± 0.1d 16.1 ± 0.3c 12.5 ± 0.8d 3.6 ± 0.5de 3.8 ± 0.1i

Physalis 5.5 ± 0.2f 34.4 ± 0.3ef 30.5 ± 0.7f 3.9 ± 0.4de 2.0 ± 0.2f

Haritaki 2.6 ± 0.1b 33.4 ± 1.5ef 32.8 ± 1.6f 0.56 ± 0.1a 11.0 ± 0.1j

Noni 4.2 ± 0.1e 53.0 ± 1.6 h 49.0 ± 1.6i 4.0 ± 0.4e 0.47 ± 0.01b

Juniper 3.5 ± 0.1d 37.6 ± 0.9 g 35.8 ± 0.7 g 1.8 ± 0.2c 1.5 ± 0.0 e

Table 4  The minerals – Ca, Cu, Fe, K, Mg, Mn, Na, P in dried fruits

1 NRV Nutrient Reference Value
2 d.m. dry matter
Two determinations for each digest were performed (six replicates for one dried fruit), Mean values with the same letter in each column were not 
significantly different at α = 0.05 (sorted from the lowest to highest values)

Macroelements [mg/100 g d.m.2] Microelements [mg/100 g d.m.]

Ca K Mg Na P Fe Mn Cu

NRV1 800 2000 375 – 700 14 2 1
Dates 80.2 ± 7.0b 684 ±  22a 68.0 ± 6.1c 18.9 ± 1.4a 57.0 ± 0.8b 1.43 ±  ± 0.12b 0.71 ± 0.07b 0.32 ± 0.01a

Raisins 72.4 ± 8.7b 1117 ±  70c 39.3 ± 2.2a 20.5 ± 0.2a 123 ±  6d 1.48 ± 0.12b 0.33 ± 0.03a 0.60 ± 0.05b

Prunes 71.9 ± 3.1b 1121 ±  48c 49.9 ± 0.2b 24.9 ± 2.7b 96.4 ± 0.9c 1.28 ± 0.13 ab 0.59 ± 0.03b 0.55 ± 0.05b

Goji Berry 126 ±  14c 2233 ±  155f 140 ±  10f 448 ±  39f 240 ±  6 g 5.88 ± 0.58d 1.23 ± 0.10c 1.16 ± 0.07d

Chokeberry 253 ±  26d 1190 ±  103 cd 85.9 ± 5.9d 25.2 ± 0.9b 137 ±  2e 1.01 ± 0.10a 2.38 ± 0.21e 0.30 ± 0.03a

Rose Hip 844 ±  74 g 1177 ±  92 cd 207 ±  17 g 29.2 ± 0.4c 170 ±  3f 1.09 ± 0.09a 3.69 ± 0.11f 0.57 ± 0.05b

Sea Buckthorn 260 ±  24d 1126 ±  70c 103 ±  3e 39.9 ± 2.8d 168 ±  7f 57.5 ± 5.3 g 2.43 ± 0.19e 0.89 ± 0.03c

Berberis 143 ±  14c 1391 ±  28e 57.2 ± 3.3c 55.6 ± 4.5e 128 ±  4d 24.4 ± 2.1f 1.55 ± 0.09d 0.61 ± 0.04b

Physalis 45.9 ± 4.4a 2533 ±  158 g 126 ± 6 f 49.0 ± 3.2e 223 ±  6 g 3.36 ± 0.36c 0.63 ± 0.04b 0.92 ± 0.08c

Haritaki 128 ±  6c 978 ±  18b 60.8 ± 1.5c 26.4 ± 2.5bc 44.0 ± 1.0a 14.3 ± 0.8e 0.35 ± 0.01a 0.52 ± 0.02b

Noni 345 ±  23e 1291 ±  58d 251 ±  21 h 53.0 ± 2.7e 131 ±  5de 5.41 ± 0.43d 7.75 ± 0.71 g 1.15 ± 0.09d

Juniper 564 ±  50f 1254 ±  46d 87.0 ± 8.2d 39.2 ± 3.9d 97.2 ± 3.1c 3.06 ± 0.09c 7.11 ± 0.32 g 0.28 ± 0.01a
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fruits analyzed will be beneficial for healthy individuals but 
should be restricted by people on an easily digestible diet or 
suffering from disorders such as diarrhea or Irritative Bowel 
Syndrome [26].

Although the consumption of dietary fiber provides 
beneficial effects for healthy individuals such as reducing 
blood glucose or cholesterol [19], dietary fiber and tannins 
(Table 3) can interact with minerals lowering their bioavail-
ability [12]. The content of minerals as well their recom-
mended daily allowances, established at the level of Nutri-
ent Reference Values (NRVs), were presented in Table 4. 
From the nutritional point of view especially important are 
potassium (K), calcium (Ca), magnesium (Mg) and iron 
(Fe). These minerals are often deficient in different groups, 
e.g., iron in vegans, calcium in osteoporosis, potassium, 
and magnesium in physically active people or people on a 
gluten-free diet. High/very high content of potassium was 
found in most of the analyzed dried fruits (excluding dates 
and haritaki). Very high content of calcium was found in 
noni (345 ± 23 mg/100 g), juniper (564 ± 50 mg/100 g) 
and rose hip (844 ± 74 mg/100 g). As one portion of dried 
fruits should suit one hand, which corresponds to approxi-
mately 20 g of fruit [4], the portion of these products would 
cover up to 21% of NRV for this nutrient. Rose hip and noni 
were also rich in magnesium delivering 207 mg/100 g and 
251 mg/100 g, which corresponded to up to 13% of NRV 
for Mg in 20 g portion. A valuable source of magnesium 
were Goji berry and physalis, which had 126–140 mg of 
Mg in 100 g. The content of minerals in Goji berry under 
the present study was comparable to its mineral composition 
published by Bertoldi and co-authors [27] who compared 
Italian and Asian Goji berries. The content of magnesium 

in seven Italian samples ranged from 72 to 267 mg/100 g, 
while in sixteen Asian samples was slightly lower − 78 to 
161 mg/100 g. The content of iron (Fe) in products ana-
lyzed was in a wide range of 1 mg (chokeberry) and 58 mg 
in 100 g (sea buckthorn). Sea buckthorn had also the low-
est content of tannins (only 0.27 mmol TA/100 g d.m.) and 
moderate content of TDF (35 g/100 g) which can further 
improve iron availability. Rich in iron were also berberis 
(24.4 mg/100 g) and haritaki (14.3 mg/100 g). The portion 
of these fruits could realize from 20 to 83% of NRV for 
Fe, but, as mentioned above, the high content of antinu-
trients such as dietary fiber and tannins found in haritaki 
(33% of TDF, 11.0 mmol TA/100 g d.m.), rose hip (56% 
of TDF, 3.2 mmol TA/100 g d.m.) and noni (53% of TDF) 
can limit the bioavailability of minerals. It must be empha-
sized that haritaki and noni were more like nuts than dried 
fruits therefore only as a powder are suitable for use in food 
formulations.

The antioxidant capacity of fruits expressed as the TP 
and TF contents, the TEAC and FRAP values were pre-
sented in Table 5. Haritaki was characterized by the highest 
content of TP and TF as well as the FRAP and TEAC val-
ues: 32,612 mg GAE/100 g d.m., 3594 mg CE/100 g d.m., 
207.2 mmol  Fe2+/100 g d.m. and 481.2 mmol Trolox/100 g 
d.m., respectively, followed by berberis (6032  mg 
GAE/100  g d.m., 3897  mg CE/100  g d.m., 55.0  mmol 
 Fe2+/100 g d.m. and 47.5 mmol Trolox/100 g d.m.), rose 
hip (3097 mg GAE/100 g d.m., 1845 mg CE/100 g d.m., 
42.1 mmol  Fe2+/100 g d.m. and 35.4 mmol Trolox/100 g 
d.m.) and Goji berry (3012 mg GAE/100 g d.m., 1009 mg 
CE/100 g d.m., 30.2 mmol  Fe2+/100 g d.m. and 33.9 mmol 
Trolox/100 g d.m.). Much lower content of TF than TP in 

Table 5  The antioxidant 
capacity expressed as the TP 
(total phenolic) and TF (total 
flavonoids) content, FRAP and 
TEAC values of dried fruits

1 d.m. dry matter
At least four determinations were performed for each extract of fruit (eight replicates for each dried fruit); 
Mean values with the same letter in each column were not significantly different at α = 0.05 (sorted from 
the lowest to highest values)

TP [mg/100 g d.m.1] TF [mg/100 g d.m.] FRAP 
[mmol/100 g 
d.m.]

TEAC 
[mmol/100 g 
d.m.]

Dates 1583 ±  195e 375 ±  10c 14.0 ± 0.4e 15.0 ± 0.4e

Raisins 1928 ±  84f 651 ±  16d 19.2 ± 1.7f 19.8 ± 1.2f

Prunes 2211 ±  24f 923 ±  19f 18.9 ± 0.1f 20.1 ± 0.1f

Goji Berry 3012 ±  84 g 1009 ±  8 g 30.2 ± 1.3 g 33.9 ± 0.6 h

Chokeberry 1139 ±  17d 775 ±  40e 11.6 ± 0.1d 10.8 ± 0.4d

Rose Hip 3097 ±  98 g 1845 ±  80i 42.1 ± 2.5 h 35.4 ± 3.0 h

Sea Buckthorn 514 ±  21a 270 ±  11b 5.34 ± 0.36b 3.64 ± 0.25a

Berberis 6032 ±  21 h 3897 ±  160j 55.0 ± 1.0i 47.5 ± 1.0i

Physalis 3039 ±  194 g 1325 ±  32 h 28.0 ± 0.7 g 28.7 ± 0.6 g

Haritaki 32,612 ±  169i 3594 ±  199j 207.2 ± 4.7j 481.2 ± 4.7j

Noni 657 ±  55b 218 ±  14a 4.18 ± 0.09a 4.97 ± 0.13b

Juniper 838 ±  59c 323 ±  30c 6.82 ± 0.74c 7.51 ± 0.75c
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haritaki was reported by Saha and Verma [28]. Comparison 
of the results obtained with literature data is difficult due to 
the application of different extraction solvents and condi-
tions or standards to express TP and TF contents presented 
for dried fruits by various researchers. However, comparable 
content of TP, based on water extraction of polyphenols, was 
reported by Nadpal et al. [29] for rose hip (61.0 mg GAE/g 
d.m.) and by Chalise et al. [30] for haritaki (226.2 mg GAE/g 
d.m.). According to Ischiwata et al. [31] prunes and raisins, 
with their moderate amount of TP and antioxidant capacity, 
contain more TP and have higher DPPH scavenging activ-
ity than other popular dried fruits like apple and banana. In 
another study, conducted by Wu et al.[32], TP content in 
dried fruits decreased in the following order: prunes ~ rai-
sins > dates, which is in line with our study. It is also worth 
emphasizing that dried fruits are a more valuable source of 
nutrients than their fresh counterparts although a loss or 
modification of phenolic compounds during the drying pro-
cess can be also observed [33]. Moreover, our results dem-
onstrated a high positive correlation between the TEAC and 
FRAP values and the content of TP and TF. The correlation 
coefficient between the TEAC value and the TP or TF were 
0.964 and 0.877, respectively. Slightly higher correlation 
coefficients were found for the FRAP value and the content 
of TP or TF (0.966 and 0.929, respectively; p < 0.05). These 
correlations were calculated excluding results obtained for 
haritaki due to the very high values of TEAC and FRAP dif-
fering significantly from the results obtained for other fruits.

Most of European FBDG suggest the consumption of two 
portions (200–300 g) of fresh fruits per day [4] and dried 
fruits are their attractive alternative. Some countries in their 
FBDG place dried fruits in the “grey zone” which means 
that they should be consumed occasionally and in limited 
quantities. For example, in Estonia it is suggested to eat no 
more than 2–3 servings (20 g per serving) a week while in 
France FBDG say that “dried fruit can count towards fruit 
consumption, yet their consumption is nevertheless to be 
limited and should not occur outside of meals”. In Malta, 
FBDG recommends choosing fresh fruits over juice, dried 
and canned fruit which can constitute only one portion a day 
[4]. Undisputedly, dried fruit are an excellent alternative for 
unhealthy snacks such as chips or some cookies (“empty 
calories”). Dried fruits are an optimal, but not ideal, alter-
native to fresh fruits. In general, their nutritional value is 
similar to fresh fruits, though they are more concentrated 
and therefore they should be consumed in lower quantity 
than fresh fruits. Moreover, some dried fruits can contain 
significant amounts of sugar, fat or food preservatives such 
as salt or sulphur dioxide. Therefore their nutritional attrac-
tiveness is lower than fresh fruits but significantly higher 
than most of commercially available snacks. The daily con-
sumption of dried fruits in the United Kingdom, which is no. 
1 of importers of dried fruits in Europe (50% of the import; 

180,000 metric tons) is 11%. The general UK population 
consumes approx. 5–6 g of dried fruits a day and it sig-
nificantly differs among generations – young people eat 2 g/
day, while 65 + year-old eat 6 g/d of dried fruits [34]. Also, 
the study conducted among Dutch, French, and Polish con-
sumers showed that dried fruits themselves are eaten occa-
sionally but products with the addition of dried fruits (e.g., 
oatmeal) are eaten more frequently [7]. From the nutritional 
and economical point of view, the most advantageous will 
be to consume them solely as healthy, handy, and affordable 
snacks, however, some of them (wild rose, haritaki, noni, 
juniper) require milling before being eaten. Moreover, in 
the case of unpopular dried fruits such as berberis, physalis, 
haritaki, noni or juniper the sensory analysis will be a crucial 
stage in their successful implementation to everyday menu.

For several dried fruits analyzed in this study, different 
implementations in food formulations have been lately pub-
lished, and in case of e.g., Goji berry, chokeberry and sea 
buckthorn they apply to a variety of food products. Ducruet 
and co-authors [35] used Goji berry in the brewery and 
developed attractive beer with high content of antioxidants 
while Bora and co-authors [36] added Goji berry to cookies 
and muffins to enhance the nutritional and sensory proper-
ties. The studies for less popular fruits are very limited. In 
the case of noni, the studies apply to fermented noni juice 
which, to avoid the unpleasant smell, was encapsulated into 
powder [e.g., 38]. Pérez-Herrera and co-authors [38] devel-
oped jams with physalis. They found that jams with physalis 
seeds improved the nutritional quality, but seedless products 
represented greater sensory acceptance. An interesting form 
of dried fruits is also their powdered version. As mentioned 
by Shishir and Cher [39], powdered fruits and vegetables can 
be stored from months to years and their flexibility facili-
tates the preparation of advanced formulations and opens 
new markets. Moreover, for some samples under the study, 
especially for noni and haritaki, the powdering was crucial 
in the sample preparation. However, further complex stud-
ies on the e.g., in vitro digestion are necessary to complete 
their potential application in the food, pharmaceutical, and 
cosmetic industries.

Conclusions

Nutritionists recommend dried fruits as a healthy snack. In 
the study, twelve commercially available popular (dates, 
raisins, prunes) and less popular dried fruits (Goji berry, 
chokeberry, rose hip, sea buckthorn, berberis, physalis, 
haritaki, noni, juniper) were analyzed. Goji berry (13.3%), 
sea buckthorn (9.3%), noni (8.9%) and physalis (8.0%) can 
be regarded as a rich source of protein. A high content of 
fat was found in sea buckthorn (11.2%), while high con-
tent of dietary fiber was found in most of analyzed products 
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(4.4–53.0%). Extremely high antioxidant capacity was 
noticed for haritaki, followed by berberis, physalis, rose hip 
and Goji berry. An important source of nutritionally impor-
tant minerals, especially Ca, Mg, and Fe, were: noni and rose 
hip (Ca and Mg), juniper (Ca), sea buckthorn, berberis and 
haritaki (Fe). Further study on the implementation of nutri-
tious dried fruits into food formulations is necessary, espe-
cially in relation to noni and haritaki, to limit the impact of 
antinutrient factors (dietary fiber and tannins) on the nutri-
tional quality of the final product. Moreover, any activities, 
which will position dried fruits as a ready-to-eat daily snacks 
are highly recommended by nutritionists.
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