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Abstract.
BACKGROUND: Haskap berries (Lonicera caerulea L.) are processed into various products (e.g. juice, jam and chutneys).
These fruits are rich in bioactive compounds, though losses can occur during frozen storage, affecting the nutritional content of
the products.
OBJECTIVE: To investigate the effect of freezing storage temperature (–18 and –32◦C) and steam blanching prior to freezing
on the the total phenolic content (TPC)/total reducing capacity (TRC), total anthocyanin content (TAC) and antioxidant potential
of three Haskap berry varieties; Tundra (T), Berry Blue (BB) and Indigo Gem (IG).
METHODS: Berries were stored at –18 or –32◦C for six months, and analyzed monthly for TPC/TRC, TAC, and DPPH radical
scavenging activity. Steam blanching prior to freezing was also evaluated.
RESULTS: Frozen storage at –18◦C for six months reduced the TPC/TRC by 37.08 to 47.16%. TAC was also reduced, where
the highest decrease was for BB (59.24%) followed by IG (46.34%), and DPPH scavenging activity decreased by 26.78 to
30.86%. Blanching prior to freezing improved the retention of bioactive compounds but storage at –32◦C did not yield significant
improvements.
CONCLUSIONS: Steam blanching prior to freezing followed by frozen storage at –18◦C is recommended for better retention
of the bioactive components of haskap berries.
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1. Introduction

The nutritional and health benefits of berries have recently received significant consideration owing to their high
content of polyphenols and associated anti-inflammatory, antioxidant, antimutagenic, and neuroprotective effects [1,
2]. Lonicera caerulea L., commonly known as the Haskap berry, has been traditionally used in Asia for its medicinal
properties [3]. It has been recently introduced to the North American market [4], with processed products such as
Haskap juice now available. Haskap berries are known to contain the highest amount of polyphenols among berries and
other fruits, resulting in a higher antioxidant activity [5–7]. Their total phenolic content (TPC) and total anthocyanin
content (TAC) are up to 11.42 mg gallic acid equivalents per g of fresh weight, and 13.00 mg cyanidin-3-glucoside
equivalents per g of fresh weight (FW), respectively [8–10].
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Freezing is an important method used to retain fruit quality during long-term storage and enable the year-round
processing of seasonal fruit products. However, quality deterioration can occur during freezing and frozen storage
[11]. A storage temperature of –18ºC is typically used to reduce the chemical and biological spoilage of foods and
to extend their shelf life. However, freezing causes cell breakage, allowing enzymatic reactions to occur. Therefore,
anthocyanins and other phenolic compounds can degrade during freezing and more extensively during thawing, due
to their interaction with oxidative enzymes. Several pre-freezing treatments can be industrially applied to fruits and
vegetables to retain their quality. Among these treatments, blanching can be used to inactivate enzymes that cause
detrimental changes during frozen storage. Rickman et al. [12] reported that blanching could prevent the oxidative
degradation of phenolic antioxidants during storage. However, as water-soluble phenols may be leached into water
during blanching, steam blanching is preferred [13, 14].

The effects of freezing and frozen storage on the anthocyanin content and phenolic profile of different berries have
been investigated [15–17]. Considerable anthocyanin and ascorbic acid losses were reported in strawberries stored
frozen for several months [18, 19]. Significant losses in TAC, TPC and antioxidant potential were also reported in
frozen stored pomegranate juice [20] and cherry fruits [21]. Poiana et al. [22] concluded that freezing at –18◦C
decreased the bioactive compounds in the strawberry, sweet cherry and sour cherry juices.

Several studies have shown the effects of storage of fruits and their extracts at standard freezing temperatures
(–18ºC). For example Lohachoompol et al. [23] examined the effects of freezing and storage (–20 ºC for three
months) on the anthocyanin content and antioxidant activity of blueberries (Vaccinium corymbosum L) and found
no significant decrease in anthocyanin level and antioxidant activity. In another study done by De Ancos et al.
[24], ellagic acid, total phenolic, and vitamin C contents were quantified by HPLC in fresh, just frozen, and frozen
stored (–20◦C for one year) raspberry fruits. The results showed that after 12 months, there was no change in TPC,
whereas significant decreases in ellagic acid and vitamin C were observed. On the other hand, there have been fewer
studies examining the effect of temperatures lower than the standard freezing temperature on the content of bioactive
compounds. In these studies, differences in the retention of bioactive compounds were observed, depending on the
fruit and sample conditions. For example, the polyphenol contents of apple and orange extracts were found to be
stable during frozen storage at–18◦C and –70◦C for 10 days, and there was no significant difference in the retention
rates for polyphenols and ascorbic acid between the two temperatures [25]. Also, Mullen et al. [17] found that the
antioxidant capacity of the fresh red raspberries fruit and the levels of vitamin C and phenolic compounds were not
affected by freezing at –30◦C.

Freezing berries for juice production is extremely important due to the short harvest period. Currently, Haskap
berries are frozen at –18ºC, within hours of harvest and stored until needed. The frozen berries are typically thawed
at room temperature and the juice is collected. Despite the high initial bioactive content in Haskap berries, losses
during frozen storage and subsequent thawing may be significant. There have been no studies in the literature on the
effect of frozen storage on the phenolic profile and antioxidant potential of Haskap berries. Therefore, the present
study was conducted to investigate the effect of different freezing conditions (storage temperatures of –18 and
–32◦C and steam blanching prior to freezing) on the the total phenolic content (TPC)/total reducing capacity (TRC),
total anthocyanin content (TAC) and antioxidant potential of three Haskap berry varieties grown in Nova Scotia,
Canada.

2. Materials and methods

2.1. Haskap berries

Haskap berries (Lonicera caerulea L.) of three varieties; Tundra (T), Berry Blue (BB) and Indigo Gem (IG) (10 kg
each) were obtained from LaHave Natural Farms, Blockhouse, Nova Scotia, Canada. The fruits from each variety
were divided to four parts (A-D). Part A was used for the direct extraction and analysis as fresh samples (control). Part
B was steam-blanched and consequently stored at –18ºC in order to study the effect of blanching as a pre-freezing
treatment, whereas Part C was stored directly at –18ºC without blanching. Part D was directly stored at –32ºC to
investigate the effect of lower temperature frozen storage and compare it with the conventional frozen storage at
–18ºC (Part C).
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2.2. Chemicals and phenolic standards

The chemicals used for this research were of analytical and HPLC grades and were procured from Sigma Aldrich
(Oakville, Ontario, Canada) and Fisher Scientific (Ottawa, Ontario, Canada).

2.3. Blanching

Steam blanching was carried out in batches. Berries were spread on a stainless steel kitchen strainer that was
held over boiling water. The fruits were then exposed to the hot steam typically at a temperature close to 100ºC for
20 seconds. Blanched fruits were packed in polyethylene bags (300 g each), sealed and prepared for freezing and
storage.

2.4. Freezing

Haskap berries were packed in polyethylene Ziploc bags (300 g each), frozen and stored at either –18ºC or –32ºC
for six months. Samples were taken every month for analysis. Prior to extraction, the frozen fruits were allowed to
completely thaw at room temperature (25 ± 2◦C) for 12 h.

2.5. Extraction of phenolic compounds from Haskap berries

Fresh and frozen stored samples were homogenously mixed using a household food processor (Black & Decker,
Applica Consumer Products, Inc., Miramar, FL, USA). The homogenized samples (2 g each) were extracted three
times with 8 mL acidified (0.1% formic acid) 80% aqueous methanol using an ultra-sound water bath (FS20D, Fisher
Scientific, Pittsburgh, PA, USA) for 15 min at room temperature (25 ± 2◦C) followed by centrifugation (Sorval RT1,
Thermo Scientific, Marietta, OH, USA) at 4ºC for 10 min (2939 × g). The three supernatants were poured together
and the volume was made up to 25 mL with the solvent. The extracts were filtered through a 0.45 �m syringe filter
and kept frozen until analysis.

2.6. Total phenolic content (TPC)/Total reducing capacity (TRC)

TPC/TRC was measured using the Folin-Ciocalteau assay as per Singleton et al. [26] with a few modifications.
Extracts (0.1 mL each) were diluted to 0.5 mL with distilled water, and 2.5 mL of 0.2 N Folin-Ciocalteau’s reagent
(diluted 1:10 with distilled water) was added. After 5 min, 2.0 mL of sodium carbonate solution (7.5%) was added.
Samples were incubated for 2 hours in the dark, and the absorbance was measured at 760 nm using the Genesys
10 S UV/Visible spectrophotometer (Thermo Scientific, Marietta, OH, USA). Gallic acid was used for the calibration
curve (R2 = 0.99), and the results of quadruplicate analyses were expressed as milligrams of gallic acid equivalents
(GAE) per gram of fresh weight (FW).

2.7. Total anthocyanin content (TAC)

The total monomeric anthocyanin content was determined using the pH-differential method as described by Giusti
and Wrolstad [27] with some modifications. This method benefits from the structural transformations revealed by
the anthocyanin chromophore as a function of pH. The absorption of the sample is measured at pH 1 (anthocyanins
as colored oxonium salts) as well as at pH 4.5 (anthocyanins as colorless hemiketals). As anthocyanin degradation
products do not exhibit reversible behavior with pH, they are excluded from the absorbance calculation [28]. Haskap
extracts were spectrophotometrically scanned to investigate their absorbance spectra. The wavelength of maximum
absorption (λmax) was found to be 520 nm. Spectrophotometric measurements were therefore carried out at 520 nm
and 700 nm. The calculation of monomeric anthocyanins is based on the molecular weight (MW) and the molar
extinction coefficient (�) of the main anthocyanin in the sample: cyanidin-3-glucoside (cyd-3-glu) (extinction coef-
ficient of 26,900 M–1 cm–1 and molecular weight of 449.38 g/mol). A 1 cm path length quartz cuvette was used and
the measurements were carried out at room temperature. Absorbance was read against distilled water as a blank and
the TAC was calculated according to Equation 1.
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TAC(mg/L) = (A × MW × DF × 1000)/(ε × 1) (1)

Where:

A = (A520 nm–A700 nm)pH1.0–(A520 nm– A700 nm)pH4.5
MW = molecular weight of cyanidin-3-glucoside (449.38 g/mol)
DF = dilution factor
l = pathlength in cm
� = molar extinction coefficient of cyanidin-3-glucoside (26,900 M–1 cm–1)
1000 = factor for conversion from g to mg

2.8. Free radical scavenging activity

The free radical scavenging activities of Haskap extracts were assessed using the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) method according to Mitraa et al. [29] with some modifications. Extract (0.1 mL) was dissolved in 2.9 mL
of 0.10 mM DPPH solution and the differences before (t = 0 min) and after (t = 10 min) sample addition were read
at 516 nm using the Genesys 10 S UV/Visible spectrophotometer (Thermo Scientific, Marietta, OH, USA). The
antioxidant scavenging effect was calculated from Equation 2:

Scavenging effect (%) =
[

(Ab − As)

Ab

]
× 100 (2)

Where: Ab is absorbance of the control (DPPH solution without test sample). As is the absorbance of the test sample
(DPPH solution plus Haskap extract).

2.9. Statistical analysis

Data were analyzed using a one factor analysis of variance (ANOVA). Tukey-Kramer mean separation tests were
carried out for multiple comparisons with SigmaStat software (version 3.5) (Systat Software, Inc., San Jose, CA,
USA) where the significance was accepted at p ≤ 0.05.

3. Results and discussion

3.1. Total phenolic content (TPC)/Total reducing capacity (TRC), total anthocyanin content (TAC) and free
radical scavenging activity of fresh Haskap berries

The TPC/TRC, TAC, and DPPH scavenging activity of fresh Haskap berries are shown in Table 1. Despite the
wide-use of the Folin Ciocalteu assay, its specificity to measure the total phenolic content (TPC) has been recently
questioned because of the possible interference of other reducing substances such as ascorbic acid (vitamin C) and
reducing sugars which can relatively overestimate the TPC [30, 31]. Therefore, this assay has been used in this
study as an indication of the total reducing capacity (TRC) of the extracts which is mainly attributed to the phenolic
compounds with possible contribution caused by ascorbic acid. The three investigated varieties; Tundra (T), Blue
Berry (BB), and Indigo Gem (IG) showed TPC values of 8.09 ± 0.03, 6.17 ± 0.00 and 8.42 ± 0.02 mg GAE/g FW,
respectively. These values come in the range reported for Haskap berries and agree with other investigators [8, 10,
32]. The variation found in the TPC could be attributed to varietal and maturation effects.

The TAC values (Table 1) were 6.13 ± 0.06, 4.49 ± 0.14 and 6.97 ± 0.16 mg cyd-3-glu equivalents/g FW in T, BB
and IG varieties, respectively. The TAC of other Haskap berry varieties was found to be up to 13.00 mg cyd-3-glu
equivalents/g FW [8, 9], and 8.58–19.18 mg cyd-3-glu equivalents/g FW [33, 34] which is higher than the values
found in this study. The difference in TAC among studies might be attributed to varietal, environmental as well as
extraction conditions.

The DPPH scavenging activities (Table 1) of the three varieties were 88.42 ± 0.77, 78.70 ± 0.33 and 89.55 ± 0.44%,
respectively. The lowest value was recorded for the BB which contained the lowest TPC and TAC. It was reported
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Table 1

Total phenolic content (TPC)/total reducing capacity (TRC), total anthocyanin content (TAC), and antioxidant activity of fresh Haskap berries∗

Tundra (T) Berry Blue (BB) Indigo Gem (IG)

TPC/TRC (mg GAE/g FW) 8.09 ± 0.03a 6.17 ± 0.00b 8.42 ± 0.02a

TAC (mg Cyd-3-glu/ g FW) 6.13 ± 0.06a 4.49 ± 0.14b 6.97 ± 0.16a

DPPH scavenging activity (%) 88.42 ± 0.77a 78.70 ± 0.33b 89.55 ± 0.44a

∗GAE = gallic acid equivalents, FW = fresh weight, Cyd-3-glu = cyanidin-3-glucoside equivalents, DPPH = 2,2-diphenyl-1-picrylhydrazyl. Values

are means of four replicates ± standard deviation Values in the same row followed by the same superscript letter are not significantly different

according to the Tukey-Kramer test (p≤0.05).

Table 2

Degradation (%) in total phenolic content (TPC)/total reducing capacity (TRC), total anthocyanin content (TAC), and antioxidant potential

(DPPH radical scavenging activity) of Haskap berries upon frozen storage for six months at different conditions

Tundra (T) Berry Blue (BB) Indigo Gem (IG)

T1 T2 T3 T1 T2 T3 T1 T2 T3

TPC/TRC

Month 1 15.20 13.72 14.34 28.04 24.80 25.93 25.53 23.16 24.35

Month 2 23.36 21.26 22.87 31.93 29.17 30.96 32.42 28.62 31.47

Month 3 29.30 27.69 29.05 37.44 34.85 36.47 38.12 34.44 36.94

Month 4 33.62 32.39 33.25 41.98 40.03 40.84 42.16 38.48 40.97

Month 5 35.85 34.61 35.48 45.22 43.11 44.08 44.42 40.74 43.11

Month 6 37.08 35.85 36.84 47.16 44.89 46.52 45.72 41.81 44.54

TAC

Month 1 28.38 16.48 19.25 40.76 33.41 38.53 32.42 25.11 30.42

Month 2 31.16 22.68 28.55 47.44 42.32 45.43 35.44 34.15 34.15

Month 3 33.61 27.08 31.48 53.23 48.33 51.45 41.32 39.02 39.74

Month 4 37.19 30.67 34.58 56.12 51.45 53.67 43.90 41.61 42.47

Month 5 38.01 31.48 35.40 57.24 52.56 54.79 44.76 42.47 43.33

Month 6 39.31 32.79 36.87 59.24 54.34 56.57 46.34 43.62 45.19

DPPH radical scavenging activity

Month 1 14.83 13.14 14.78 13.28 11.61 11.78 12.07 11.61 11.97

Month 2 18.06 17.26 17.79 18.74 18.39 18.51 16.07 15.57 15.72

Month 3 21.23 20.43 21.13 23.57 23.27 23.51 20.06 19.85 19.91

Month 4 24.39 23.59 24.38 27.31 26.26 26.96 23.32 23.22 23.27

Month 5 26.09 25.29 26.08 29.47 28.42 29.12 25.33 25.23 25.28

Month 6 27.26 26.44 27.22 30.86 29.82 30.65 26.78 26.34 26.45

DPPH = 2,2-diphenyl-1-picrylhydrazyl; T1: frozen storage at –18◦C; T2: steam blanching followed by frozen storage at –18◦C; T3: frozen storage

at –32◦C.

that Haskap berry extracts could scavenge 85% of DPPH as compared to 43, 74, and 51% for tomato, sea buckthorn,
and standard ascorbic acid, respectively [6]. These results further agree with others reported by Rupasinghe et al.
[10] and Zhao et al. [35].

3.2. Effect of frozen storage on the phenolic profile and antioxidant potential of Haskap berries

The effects of frozen storage at different conditions on the TPC/TRC, TAC, and antioxidant potential (DPPH
radical scavenging activity) of Haskap berries are illustrated in Figs. 1, 2 and 3, respectively. The reduction (%)
caused by different treatments is shown in Table 2.
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Fig. 1. Effect of frozen storage conditions on the total phenolic content (TPC)/total reducing capacity (TRC) of Haskap berries. T1: frozen storage

at –18◦C; T2: steam blanching followed by frozen storage at –18◦C; T3: frozen storage at –32◦C; T: Tundra; BB: Berry Blue; IG: Indigo Gem.

3.2.1. Effect of standard frozen storage, T1 (–18◦C)
The changes in the TPC/TRC are shown in Fig. 1 for all varieties. The standard frozen storage (T1) for one

month reduced the TPC/TRC by 15.20 ± 0.18, 28.04 ± 0.24 and 25.53 ± 0.21% in the three varieties (T, BB, and
IG), respectively. The difference found among varieties may be attributed to the differences in fruit maturation,
physical structure and softness. The second month of storage could further reduce the TPC/TRC only by 8.16 ± 0.03,
3.89 ± 0.01 and 6.89 ± 0.02% in the three varieties, respectively. The reduction rate started to decrease over the
storage period and each consequent month was causing less degradation than the preceding one. The reductions
caused by the sixth month were 1.23 ± 0.00, 1.94 ± 0.01 and 1.30 ± 0.00%, respectively. The corresponding total
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Fig. 2. Effect of frozen storage conditions on the total anthocyanin content (TAC) of Haskap berries. T1: frozen storage at –18◦C; T2: steam

blanching followed by frozen storage at –18◦C; T3: frozen storage at –32◦C; T: Tundra; BB: Berry Blue; IG: Indigo Gem.

reductions after the sixth month (Table 2) were 37.08 ± 0.21, 47.16 ± 0.24 and 45.72 ± 0.22%, respectively. It was
concluded that the major reductions occurred during the first three months after which the reduction rates were
decreasing gradually. It is anticipated from this decrease in the reduction rates with storage time that the values of
TPC may reach a plateau during the seventh or eighth month of storage. The reduction in the total anthocyanin
content (TAC) (Fig. 2) followed the same trend seen for the TPC (Fig. 1). After six months, the highest reduction
was found in the BB (59.24 ± 0.26%) followed by IG (46.34 ± 0.23%) (Table 2). The increment rate decreased from
month to month within the storage period where the last month brought reductions of only 1.30 ± 0.00, 2.00 ± 0.01
and 1.58 ± 0.01% in the three varieties, respectively.

The changes in the antioxidant potential (DPPH scavenging activity) (Fig. 3) followed similar trend and reflected
the changes in both TPC and TAC. Standard frozen storage for six months resulted in 27.26 ± 0.11, 30.86 ± 0.14 and
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26.78 ± 0.10% decreases in the radical scavenging activity in T, BB, and IG, respectively (Table 2). This reduction
is attributed to the decreases in polyphenols and anthocyanins that are responsible for the antioxidant effect potential
of haskap berries. Patthamakanokporn et al. [36] evaluated the changes in the antioxidant activity and total phenolic
compounds of guava (Psidium guajava), makiang (Cleistocalyx nervosum) and maluod (Elaeagnus iatifolia) fruits
during storage at –20◦C for three months. After two weeks of storage, the antioxidant activity decreased significantly
by 23% and 62% in guava and maluod, respectively. They found a continuous decrease in the total phenolic compounds
in guava fruits throughout the 3-months storage period (69% retention) whereas constant levels were found in other
fruits. Our results agree with those reported by Mirsaeedghazi et al. [20] who found that frozen storage of pomegranate
juice at –25◦C for 20 days decreased the TAC, TPC, and DPPH radical scavenging activity by 11%, 29%, and 50%,
respectively. Furthermore, Chaovanalikit & Wrolstad [21] found that more than 75% of anthocyanins in frozen
cherries were destroyed after six months of storage at –23◦C. These results further agree with those reported for
strawberries [18, 19, 22], sweet cherries and sour cherries [22].

The ellagic acid, total phenolic, and vitamin C contents in raspberry fruits were quantified by HPLC in fresh, just
frozen, and frozen stored (–20◦C for one year) [24]. The researchers concluded that the freezing process slightly
affected the values of ellagic acid, total phenols, and vitamin C contents. After 12 months, significant decreases in
ellagic acid (14–21%) and vitamin C (33–55%) were detected. The whole freezing process produced 4–26% decrease
of the antiradical efficiency. The degradation effect was attributed to the frozen storage and the thawing process and
not to the freezing itself. The results of this study, however, deviate from those reported on the frozen storage of
blueberries [23] and raspberries [17, 24] where no significant decreases in anthocyanin level, TPC and antioxidant
activity were found.

3.2.2. Effect of steam blanching as a pre-freezing treatment, T2 (Blanched and –18◦C)
The effect of steam blanching as a pre-freezing treatment on the TPC/TRC, TAC and antioxidant activity of Haskap

berries is shown in Figs. 1, 2 and 3, respectively. Compared to the standard freezing (T1), steam-blanched fruits (T2)
showed higher retention of phenolic compounds and better antioxidant activity throughout the frozen storage period
(up to six months). This effect was found in the three investigated varieties. Steam blanching is known to cause
the minimum losses in phytochemicals and antioxidant capacity [37, 38]. Furthermore, it requires less time than
conventional blanching because the heat transfer coefficient of condensing steam is greater than that of hot water and
it is proven to be comparatively more economical as it saves energy [39]. In this research, steam blanching could
preserve the phenolic compounds during the frozen storage as compared to the un-blanched samples, although the
improvement was not significant in some conditions. The reductions in the TPC/TRC after six months (Table 2)
were 35.85 ± 0.20, 44.49 ± 0.22 and 41.81 ± 0.21% in T, BB and IG, respectively as compared to 37.08 ± 0.21,
47.16 ± 0.24 and 45.72 ± 0.22% in the standard freezing (without blanching). The reductions in TAC (32.79 ± 0.18,
54.34 ± 0.23 and 43.62 ± 0.21%) were significantly lower than those caused by the standard freezing (39.31 ± 0.20,
59.24 ± 0.26 and 46.34 ± 0.23%). This effect may be attributed to the inhibition of the polyphenol oxidase (PPO)
and other oxidative enzymes that catalyze oxidative reactions causing a significant decrease of phenolic compounds
and anthocyanins [40–42].

Ahmed and Ali [43] compared the effect of water blanching and steam blanching on the nutrients, phytochemicals,
antioxidant activity (measured by DPPH assay), and phenolic profiles of white cauliflower. They found that steam
blanching for 3 min presented the lowest reduction in phenolic content. Methanolic extract of fresh cauliflower had
the highest antioxidant activity (68.91%) followed by the extract of the steam-blanched sample (61.83%), while the
lowest value was that of water-blanched sample (100◦C for 3 minutes). We found that blanching could retain the
DPPH radical scavenging activities of different Haskap varieties as compared to the standard freezing (Table 2).
Blanching was found to be a promising pre-treatment as it could contribute to the retention of phenolics in all cases
as compared to the standard freezing. The insignificant effects in some conditions may be due to the blanching time
(20 s), which might not have been sufficient to totally inactivate the enzymes as the heat may not have penetrated
to the center of the fruits. Blanching is usually carried out at 75–95°C for 1 to 10 minutes, depending on the size
of individual product pieces [44]. The blanching conditions could be further optimized in future work for a higher
preservative effect.
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Fig. 3. Effect of frozen storage conditions on the DPPH radical scavenging activity of Haskap berries. T1: frozen storage at –18◦C; T2: steam

blanching followed by frozen storage at –18◦C; T3: frozen storage at –32◦C; T: Tundra; BB: Berry Blue; IG: Indigo Gem.

3.2.3. Effect of lower temperature storage, T3 (–32◦C)
The effect of lower temperature frozen storage (–32◦C) for six months on the retention of phenolic compounds and

antioxidant potential was investigated and compared to the standard frozen storage at –18◦C (T1). The results (Figs. 1
to 3) showed that TPC/TRC decreased from 8.09 ± 0.03, 6.17 ± 0.00 and 8.42 ± 0.02 to 5.11 ± 0.02 (36.84 ± 0.19%
reduction), 3.30 ± 0.01 (46.52 ± 0.22% reduction) and 4.67 ± 0.01 mg GAE /g FW (44.54 ± 0.20% reduction) in the
three varieties T, BB and IG, respectively. These reductions were slightly lower but not significantly different from
those found in the standard frozen storage at –18◦C (37.08 ± 0.21, 47.16 ± 0.24 and 45.72 ± 0.22%, respectively).
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The reductions in TAC in the three varieties were 36.87 ± 0.20, 56.57 ± 0.24 and 45.19 ± 0.22%, respectively which
did not significantly differ from those caused by the standard frozen storage. Likewise, storage at –32◦C did not
significantly reduce the DPPH radical scavenging activity (27.22 ± 0.10, 30.65 ± 0.14 and 26.45 ± 0.10%) compared
to –18◦C (27.26 ± 0.11, 30.86 ± 0.14 and 26.78 ± 0.10% in the three varieties, respectively). These results indicate
that the reducing effect is attributed to the freezing storage itself rather than to the freezing temperature. As long as
the berries were stored frozen, the difference in the frozen storage temperature did not impart a significant effect.
These results agree with those reported by Polinati et al. [25] who evaluated the influence of low temperature storage
(–18◦C and –70◦C) for 10 days on the antioxidant capacity of apple and orange extracts. The authors found that
frozen storage at –18◦C did not result in different antioxidant capacity when compared to frozen storage at –70◦C.

In all treatments, the highest reductions in TPC/TRC, TAC and DPPH radical scavenging activity were found in
the BB variety followed by IG. This may be attributed to the highest degree of ripeness and softness in BB fruits
compared to those of the other two varieties. For all measured parameters measured, the first three months contributed
to most of the degradation observed. Afterwards, each consequent month resulted in a smaller amount of degradation.

4. Conclusion

The standard frozen storage of Haskap berries at –18◦C for six months (T1) significantly reduced TPC/TRC,
TAC and DPPH radical scavenging activity. The major reductions occurred in the first three months, after which the
reduction rates decreased gradually over the storage period and each month caused less effect than the previous month.
The highest reductions were found in the Berry Blue variety followed by Indigo Gem and Tundra. Steam blanching
of berries prior to freezing (T2) improved the retention of phenolics, anthocyanins and antioxidant activity. Lower
temperature frozen storage at –32◦C (T3) did not significantly improve the phenolics and anthocyanin retention
and antioxidant activity of Haskap berries as compared to the standard procedure (T1). Both T1 and T3 differed
significantly from T2 but not between each other. Further research is needed to improve the steam blanching conditions
in order to optimize the preservative effect. The effect of different thawing conditions on the retention of phenolics,
anthocyanins and antioxidant properties is currently under investigation.
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[6] Raudsepp P, Anton D, Roasto M, Meremäe K, Pedastsaar P, Mäesaar M. The antioxidative and antimicrobial properties of the blue
honeysuckle (Lonicera caerulea L.), Siberian rhubarb (Rheum rhaponticum L.) and some other plants, compared to ascorbic acid and
sodium nitrite. Food Control. 2013; 31:129.

[7] Celli GB, Ghanem A, Brooks MS. Haskap berries (Lonicera caerulea L.) – a critical review of antioxidant capacity and health-related
studies for potential value-added products. Food Bioprocess Technol. 2014;7:1541.



R. Khattab et al. / Effect of frozen storage on haskap polyphenols 241

[8] Bakowska A, Marianchuk M, Kolodziejczyk P. Survey of bioactive components in Western Canadian berries. Can J Physiol Pharmacol.
2007;85:1139.

[9] Fan Z, Wang Z, Liu J. Cold-field fruit extracts exert different antioxidant and antiproliferative activities in vitro. Food Chem. 2011;129:402.

[10] Rupasinghe HPV, Yu LJ, Bhullar KS, Bors B. Haskap (Lonicera caerulea): A new berry crop with high antioxidant capacity. Can J Plant
Sci. 2012;92:1311.

[11] Zhao Y. Freezing process of berries. In: Zhao Y, editor. Berry fruit: Value-added products for health promotion. FL, USA: Boca Raton,
CRC Press; 2007. pp. 292.

[12] Rickman C, Barrett DM, Bruhn CM. Nutritional comparison of fresh, frozen and canned fruits and vegetables. Part 1. Vitamins C and B
and phenolic compounds. J Sci Food Agric. 2007;87:930.
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