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Effect of Blanching on the Quality of Microwave
Vacuum Dried Dill Anethum graveolens.)
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Abstract—Dill (Anethum graveolens)Lis a popular herb used in

many regions, including Baltic countries. Dill isidely used for
flavoring foods and beverages due to its pleaspicy saroma. The
aim of this work was to determine the best blanghimethod for
processing of dill prior to microwave vacuum dryimgsed on
sensory properties, color and volatile compoundsiried product.
Two blanching mediums were used — water and staachfor part of
samples microwave pretreatment was additionallg.uSealuation of
dried dill volatile aroma compounds, color changesl sensory
attributes was performed. Results showed that biagcsignificantly
influences the quality of dried dill. After evaliat of volatile aroma
compounds, color and sensory properties of micrewacuum dried
dill, as the best method for dill pretreatment westablished
blanching at 90C for 30 s.

As a preservation process, blanching has a number o
advantages including, excellent color stability, an
improvement in texture, a decrease in viable cquams the
elimination of undesirable substances [7]. The iguabf
blanched product depends significantly on the tiamd
temperature of blanching and also on the size adyst to be
blanched. Under-blanching speeds up the activitgrafymes
and is worse than no blanching. Over-blanching ealsss of
texture, color, phytochemicals and minerals [8].eQnf the
important quality attributes of herbs that changhksing
processing steps is aroma and in the current sardyna
compounds were analyzed both by GC and also byosens
evaluation The aroma composition of dill before fruit

Keywords—dried dill, sensory panel, sensory properties, aromformation is due to phellandrene and dill ethe®{&poxy-1p-

compounds, color

|. INTRODUCTION

ILL, peppermint and basil are traditionally growasb

crops in Europe and Central Asia for the productidn
fresh herbage, dry leaves or essential oils [1], [Bhe
products from these plants find their applicati@ssculinary
herb (dill, oregano, rosemary, thyme, parsley, rgpnions,
garlic, etc.) or as minor adjuncts to salads (freshbs) and
herbal teas (dry leaves/ shoots) and as aromagiotsign the
food, pharmaceutical, perfumery and cosmetic, foned food
and nutraceuticals industries [2]-[4].

menthene). The odor of phellandrene is describéditkdike,
fragrant, fresh,” while carvone, characteristic sgfed oil, is
“caraway-like, cooling” and dill ether is “dill-lé&, floral,
fragrant” [9]. Limonene andi-pinene also contribute to oil
aroma with “citrus-like, fresh” and “pine-like” od®
respectively. Carvone is synthesized from phellandrduring
the day [10], and according to research cited feremce [11]
from limonene as well. Besides differences in choami
compounds forming aroma, their sensory properties a
important.

Sensory evaluation — a scientific discipline usedetoke
measure, analyze and interpret reactions to those

Dill (Anethum graveolens.). a biennial or annual herb of characteristics of foods and materials as theyareeived by

the parsley family Apaceaeor Umbelliferag, is popular herb
widely used in many regions, including Baltic caies.
Cultivated since antiquity, dill is a hardy annwal biennial
plant and has a single stem with a terminal or @arym
umbellate flower [5]. Use of fresh herbs is limitdde to the
seasonality, therefore it is necessary to find lsesttion for
processing, and the most popular methods are drgimd
freezing. Drying is one of the oldest methods obdo
preservation and represents a very important aspfetdod
and herbs processing [6]. The drying method isngportant
factor affecting the quality of dried product, attte most
popular methods are air drying. Recently popularity

the senses of sight, smell, taste, touch and rga8ensory
evaluation involves the interpretation of the rewms by the
sensory professional [12]-[14]. Sensory propewiessome of
the most important factors on consumer liking arefgrence;
thus it is very important to determine factors efffey the
product attributes, acceptance and preference ieflpefor
foods [15], [16]. The studies on influence of dyiprocess on
nutritional and sensory quality such as flavoumnaa and
color of dill leaves is limited [6].

One of the most important sensory traits is thercfl7],
which depends on dill variety, growing conditiopspcessing
technology and storage conditions. The aim of wosk was

microwave vacuum and freeze drying has considerablg determine the best blanching method for proogssf dill

increased.
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prior to microwave vacuum drying based on sensory
properties, color and volatile compounds in drieadpict.

Il. MATERIAL AND METHODS
Experiments were carried out at the Faculty of Food
Technology, Latvia University of Agriculture in 201
A.Raw materials

Dill variety ‘Superdukat’ was grown in the testlfie of the
Latvia University of Agriculture and harvested la¢ theight of
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30-35 cm. After harvest dill was washed and sepdrat two
fractions: leaves and stems. For further analyskdedves
were used.

B Pretreatment process

Blanching in water, steam, and combined treatment
microwave and water or microwave and steam waseppb
dill prior to drying.

Dill leaves were water blanched at:

e 90 °C temperature for 30 s;
e 70 °C temperature for 60 s.
Dill was treated in steam at 95+1 °C for 30 s.

desorption 15 min at 250 °C. For the analysis ef 8PME
extracts, &Perkin Elmer Clarus 500 GC/M&nd an Elite-Wax
ETR column (60 m x 0.25 mm i.d.; DF 0.gB) was used.
Working conditions were: injector 250 °C; transfigre to
MSD 260 °C; oven temperature start 40 °C, hold i) m
Brogrammed from 40 to 60 °C at 2 °C mhirand from 60 to
250 °C at 20 °C mifh, hold 5 min; carrier gas (He) 1 ml rifin
split ratio 2:1; ionization El+ mode; acquisitioarpmeters in
full scan mode: scanned m/z 40-400.

Compounds were identified by comparison of theirssna
spectra with mass spectral libraries (Nist98), abhy
calculation of linear retention indexes and congaari with

For microwave (MW) pretreatment dill leaves wersjierature data. All analyses were performed irplicate.

positioned on the plates (20-cm diameter) and plawe the
turntable plate of the microwave variable powerrogeodel
EMS 28405, Electrolux, Sweden). Power level of 90@vas
used for 30 s treatment. After microwave pretreatnadl was
subjected to blanching in hot water or steam. iDithediately
after blanching was cooled in tap water. All treats were
carried out in triplicate.

C Drying

After blanching dill leaves were cut in slices (04tcm and
dried using a microwave-vacuum drieMysson-1" Q0O
Jngredient”, St. Petersburg, Russia). Characterist
parameters of drying program were as follows:

Compounds in the tables are shown in the orderhef t
retention time. As a quantitative measure, theesirathe total
GC peak area for each compound is given.

A coefficient K was calculated using the least-sgsianethod
to compare the relative amounts of volatiles iredlrilill leaves
versus fresh dill leaves.

K=(A-A)Y+(B -B) +(G -C) +.....4(X, =X\’

where

@

A, By, G, ..., % — percentage of volatile compounds A, B

etc. in the headspace of fresh dill leaves,

Ay, By, Co, Xy — percentage of volatile compounds A, B, C etc.

«  number of magnetrons was decreased along tiethe headspace of dried dill

drying process (starting at 4, and then followedBpbgnd
finally 2);

e pressure 12.00-14.63 kPa;

e drum rotation speed — 6 rpm;

e product mass per load — 1 kg;

e drying time — 17 min.

The following abbreviations of the samples in detiare
used:

Sample A — fresh dill;

Sample B — unblanched dill;

Sample C — water blanched dill at 70 °C for 60 s;

Sample D — water blanched dill at 70 °C for 60rstreated
using microwaves;

Sample E — water blanched dill at 90 °C for 30 s;

Sample F — 90 °C for 30 s, pretreated using micvewa

Sample G — steam blanched dill;

Sample H - steam blanched dill, pretreated using AE=+vAL® +Aa’ +Ab?

microwaves.

D. Detection and identification of volatile aroma

compounds

Volatiles from dried dill were extracted using sofphase
microextraction (SPME). 0.5 g of sample were weigjire a
20 ml headspace vial and capped with a septum.SIPME
extraction a divinylbenzene/Carboxen/ polydimetiyl@ne
(DVvB/Car/PDMS) fiber (Supelco Inc., Bellefonte, PBSA)
was used. SPME parameters were: incubation timeitaQ
extraction temperature 35x1 °C, extraction duratidhmin,

Thus, the smaller the coefficient K, the greaterdimilarity of
dried dill aroma to fresh dill leaves aroma.
E.Instrumental color analysis

Color of dried dill was measured in CIE L*a*b* colo
system using &olorTec-PCM/PSMAccuracy Microsensors

Inc., USA) Before measuring, the colorimeter was calibrated

using a white reference tile and a light trap (kléite). Ten
random areas were measured through the plasticefmekd
mean values were reported for each sample.
measurement,
brightness (L), the degree of redness (+a), ornyress (—a),

and the degree of yellowness (+b), or blueness, (-b)

respectively. An important factor characterizing trariation
of color in the test sample is total color diffecen(AE) or
TCD [18], [19]. The total color differenceAE) was defined
by the Minolta equation (2):

)

where

AL=L-L,, Aa=a—ay, Ab=b—hy,

L, a, andb are the measured values of dried samples,
Lo, &, andb, are the original values of fresh dill.

F.Sensory analysis

The panelists were selected and trained accordinthe
recommendations described in ISO 8586-1 (1993). [26ity
five applications (9 men and 36 women) from theligudnd
PhD students of Faculty of Food Technology wereirex for
training. Training was completed at the Latvia Wmsity of

In color
CIELAB coordinates show the degree of
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Agriculture. It was done in two sessions — trainingd
selection of panelists, and specific training ferleation of
dill sensory properties.

References were determined by consensus of akl#@ted
assessors (2 men and 8 women). The assessors wwier f
trained on the product attributes using identifrefierences.
The following dill attributes were analyzed for dre dill:
appearance, aroma, color, taste and dill stem;fandiried
dill — appearance, aroma and color.

1. Selection of assessors

Scheme for training of the panelists/assessoresepted in
Fig. 1.

Quality definition of
fresh and dried dill

%

Specific development
of the method

N

Selection and basic
training of panelists

v

Specific training of
assessors

/

Individual qualification of the
assessors

v

Validation of the method for
fresh and dried dill

%

Quality control maintenance of
assessors and validated method

\;

Sensory evaluation of dried dill

Fig. 1 Scheme for training of panelists for dilhsery evaluation

2. Evaluation of the dill quality
For evaluation of dill sensory properties was ugedlity

equation [21]:

_ Ap+Co+ Ar

QN 3

3)
where

Ap — dried dill appearance,

Co — dried dill color,

Ar — dried dill aroma.

Based on QN dried dill quality was classified dtofes:

7.00-6.50 —very good quality (performance of qualit
parameters);

6.49-5.50 — good quality (inessential deviations);

5.49-4.00 — average quality (pronounced deviations,
insignificants defects);

3.99-2.90 —satisfactory quality (significant degrt

2.89-1.00 — unsatisfactory quality (serious dejects

3. Sample preparation for sensory evaluation

Fresh dill, commercial dried dill samples from Ibozarket
and dried dill samples obtained in experiments vesaduated
in the study. For each panelist 50 g of fresh aill 10 g of
dried dill were provided.

G.Statistical analysis

The results were processed by mathematical anibtistdt
methods. Data were subjected to one way analysigridnce
(ANOVA) and two way analysis of variance (ANOVA)yb
Microsoft Office Excel 2007, significance was defih at
p < 0.05.

Ill.  RESULTS AND DISCUSSION

A.Volatile aroma compounds

The main aroma compounds of fresh dill leaves @&re
phellandrene and dill ether (Table 1) and theseltesre
comparable with those found in literature [22], ][2Both
mentioned compounds-phellandrene and dill ether gives
typical dill flavor [24]. The percentage of dill hetrin
headspace of dried samples is significantly lower

number (QN), calculated according to the following0.97—7.31%) than in fresh dill (31.61%).
TABLE |
DiLL. HEADSPACEAROMA COMPOSITION
Volatile compounds K
Samples
a-pinene a-phellandrene Limonene B-phellandrene Cymene Dill ether

A 2.15+0.06 42.93+1.23 4.91+0.14 9.85+0.28 2.58 £ 0.07 31.61+0.9 -
B 1.8+0.04 61.4 +1.43 5.64£0.13 13.65 +0.39 4.92 +0.43 1.16 + 0.03 1436
C 2.24 £0.06 68.8+1.6 4.27+0.1 12.19£0.35 180 +0.29 0.97 £0.03 1674
D 2.72+£0.08 67.08 + 1.56 3.53+0.1 9.79+0.28 &8 +0.25 6.68 £0.19 1244
E 1.36 £+ 0.04 7298 +1.7 3.3+0.08 8.5+0.2 5.56+0.16 7.31+£0.21 1507
F 2.43+£0.07 63.69 +1.82 6.81 £0.19 15.14 +0.48 7.78 £0.22 1.25+0.04 1412
G 1.66 + 0.05 71.91 +£2.05 4.32+0.12 11.97 £0.38 4.06 +£0.12 454 +£0.13 1580
H 2.6 +£0.08 64.87 £ 2.05 5.75+0.18 14.03 +0.44 7.53+0.24 3.35+0.11 1323
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Fresh and dried dill containef-phellandrene that gives
minty aroma [25]. Limonene in dill ranged between
3.30-6.81% and its aroma in literature is descriagdemon

TABLE Il
COLOR VALUES OFDRIED DILL

Samples Color values
and mint [26]. L* a* b*

The highest total peak area of identified aroma mmmds A 37.78+1.82 -4.21+0.12 14.96+0.45
of_ dried dill was established in the samples_ pegee with B 39.24+1.19 -2.89+0.06 13.87+0.42
microwaves and blanched at 90 °C for 30 s (Fig. 2).

The composition of volatile compounds of dried dl ¢ 33.64£2.20 -2.15£0.05 8.14:0.16
affected by the conditions of blanching, so itrigportant to D 35.23£1.89 -0.24+0.01 6.43+0.13
determine which method results in dried dill havirg E 34.95+1.90 1.15+0.06 8.59+0.34
composition more similar to that of fresh dill legvand stems. E 34.27+1.61 -0.81+0.04 10.0440.10

G 37.41+2.19 -0.94+0.04 11.59+0.46
8.0E+09
R H 34.40+1.40 1.05+0.03 8.91+0.18

2

G 6.0E+09 A — fresh dill; B — unblanched dill; C — water btdred dill at 70 °C

E ’ ﬁ temperature 60 s; D — water blanched dill at 70té@perature 60 s

< pretreated with microwaves; E — water blanched ail90 °C temperature

S 40E+091 30s; F — 90 °C temperature 30 s pretreated witramiaves; G — steam

g § blanched dill; H — steam blanched dill pretreatédith wicrowaves.

[}

E 2 05400 § y \\ B For calculation of the total color differenceAH) the

e _ equation (2) was used and the evaluation resules ar

Q summarized in Fig. 3.
0.0E+00 N
B c D E F G H \ [
H ‘ =
Fig. 2 Total relative peak area of identified compds G| ] R 3
A — fresh dill; B — unblanched dill; C — water btded dill at 70 °C g Fi ‘ =
temperature 60s; D — water blanched dill at 70té@perature 60 s e E

pretreated with microwaves; E — water blanched atild0 °C temperature & A \ \

30s; F — 90 °C temperature 30 s pretreated wittrawiaves; G — steam D . ]

blanched dill; H — steam blanched dill pretreatéith wicrowaves. c 1 ‘ ‘ 3

Deviation square sum was calculated to compare tt 5 1 3
percentage composition of fresh and dried dill (€&l). ‘

If the volatile compound composition by percentdge 0 2 4 6 8 10 12
fresh and dried dill is the same, then deviatiomasg sum is 0. AE

Thus, the smaller the coefficient, the greater Isinty exists
between the fresh dill aroma and the dried herlmmarcThe
content of volatile compounds of dried dill pretesh with
microwaves and blanched at 70 °C for 60 s is thst similar
to the composition of fresh dill leaves, whereas thast
similar is the samples blanched at 70 °C for 60ithowt
microwave pretreatment.

B.Color analysis

Effect of blanching on dill color change is evakatusing
CIE L*a*b* color system, and the obtained resulte a
presented in Table 2.

Analysis of the results show, that blanching mettods not
have significant effect (p >0.05) on color compund.*
(degree of brightness). The sample A (fresh dilswsed as a
control for calculation of color difference. Coloomponents
a* and b* of the sample B (unblanched dried dilgre the
most similar to fresh dill.

(p<0.05) (Fig. 3).
(AE =3.62) was determined for

Fig. 3 The total color differenc@&E) of dried dill, comparing to
fresh dill color

A — fresh dill; B — unblanched dill; C — water btred dill at 70 °C
temperature 60 s; D — water blanched dill at 7Qé@perature 60 s
pretreated with microwaves; E — water blanched dill 90 °C
temperature 30s; F — 90°C temperature 30s ptette with
microwaves; G — steam blanched dill;, H — steam diled dill
pretreated with microwaves.

The smallest difference in color between fresh dmed dill

can be achieved when combined pretreatment of miares
and water blanching is applied (Fig. 3). Contrazgmbined
pretreatment of microwaves and steam blanchingeass the
total color difference, comparing to sample withmicrowave
pretreatment (Sample H and G).

Blanching method affects color of dried dill sigoéntly
The smallest total color differenc
unblanched dried dill

(Sample B) allowing to draw a conclusion that thipe of
treatment has no significant effect on color. Wheater
blanching at 70 °C for 60 s and water blanchin@&tC for
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30 s was used for dill pretreatment, the total caliéference
(AE) was the biggest AE = 10.57 (Sample E) antE = 9.91
(Sample C), which can be due to leaching of cotomfng
substances into water used for blanching [27].

C.Sensory analysis

Authors did not find published information on seryso
evaluation methods for qualitative assessmenteshfior dried
dill. Therefore the panel, prior to the assessmeag trained
on various samples of fresh commercial dried ddhf local
market and dried dill processed using various iamg
methods. The assessors developed a list of atgbfar the
project and agreed on a list of 31 attributes (@&@)lfor fresh
dill and 18 attributes (Table 4) for dried dill ftme profiling
and the definition of each attribute.

TABLE Il
LIST OF SENSORYATTRIBUTES OFFRESHDILL WITH DESCRIPTIONS

Characteristics Description
Appearance Fresh Fresh dill appearance
Rich green, juicy Dill is slightly wilted
Unsightly Dill has lost freshness
Sere
Unattractive
Color Green Characteristic color of fresh
Typical green dill
Non typical green Dill is light green and color is
Yellowish- green  untypical for fresh dill
Greenish — yellow First signs of drying up
Greenish grey Dill is slightly dried up, first
signs of spoilage
Brown Dill is stored too long and
spoilage has started
Aroma Typical fresh dill  Characteristic aroma of fresh
aroma dill
Aromatic Pleasant dill aroma
Untypical fresh
dill aroma Dill aroma is not noticeable
Green Green grass flavor
Hay-like Hay flavor
Rancid After long storage at high
humidity dill spoilage has
started
Taste Spicy
Herbaceous Fresh dill taste
Dill
Fresh
Green grass Green grass taste
Refreshing Refreshing essential oil taste
Bitter Bitter, pungent, but pleasant
Menthol taste
Dill stem Fresh Fresh dill stem appearance
Rich green, juicy  Slightly wilted
Unsightly
Sere Dill stems have lost freshness
Unattractive

Fresh dill should be of rich green color, juicy,dawith
typical dill aroma and taste (spicy, herbaceouds, fdésh) and
stem should be firm and juicy. If dill wilting hagarted, its

color can change to yellowish- green or greenishelow,

aroma becomes untypical for fresh dill and/or hikg:|\When
dill spoilage has started, those get unattractippearance,
color — greenish grey or brown, aroma — rancidgtasbitter,
but, when dill is completely spoiled, their steme ansightly,
sere and unattractive, the taste evaluation igskipThe fresh
dill descriptors developed and approbated durimgtthining

of the sensory panel were used as a basis foriptsorof

dried dill sensory attributes (Table 4).

TABLE IV
LIST OF SENSORYATTRIBUTES OFDRIED DILL WITH DESCRIPTIONS

Characteristics Description

Appearance Uniformly sliced Dill has uniform size
Dill can be
recognized
Uniformly sliced
Unattractive Pretreatment operations are done
Powdery according to the technology
Agglutinated Dill is sliced too finely
pieces Dill stored under humid
conditions
Color Green Characteristic color of fresh dill
Typical green
Non typical green Dill are light green and color is
Yellowish- green  untypical for dill
Greenish — yellow
Greenish grey Inappropriate drying regime was
Brown applied, dill has been overheated
Aroma Typical dill Characteristic aroma of dill
aroma Pleasant dried dill aroma
Aromatic
Green Green grass flavor
Hay-like Hay-like flavor
Rancid After long storage at high

humidity dill started to spoil

In sensory evaluation of dried dill the appearawcoéor and
aroma were analyzed. Dried dill
processing so comparing to evaluation of fresh il stem
description becomes impossible. It is known thaious types
of processing — freezing, blanching, drying — hidesce on dill
and other herb aroma and color [6], [17]. Dill qyatan be
regarded as good if those are uniformly sliceds ipossible
recognize dill leaves, color is green (as muchassiple close
to fresh dill color) and it has typical dill aromid.dill pieces
does not have uniform size those can be descrisedna
uniformly sliced, unattractive (dill cannot be rgoized) or
powdery (dill is too finely cut or crumbled durinthe
processing).

Passing various processing steps dill can obtdor edich
can be described as non typical green, yellowisteerny
greenish — yellow or greenish grey. If dried ddlar is brown
it may indicate that inappropriate drying parameteave been
used. During drying dill may lose its typical argnadotaining
hay-like aroma, in its turn if inappropriate stagagpnditions
are applied (increased humidity) dried dill mayaibtrancid
aroma.

was evaluated after
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Based on the attributes described in Tables 2 aadsgven
point scale was developed for sensory evaluatioinesh and
dried dill. The attributes having similar meaningere
combined, but some attributes named during thenitrgi
session were not included in the final evaluatish because
the discussions proved them to be not suitable ditr
evaluation. During evaluation session each assessoked
the evaluation in the scale from 1 to 7, accordiagthe
assigned term, the best describing quality of trapde. The
obtained results were used for a calculation of dality
number (QN) according to the equation (3). The Itesof
dried dill sensory evaluation are presented in & &bl

TABLE V
SENSORYQUALITY OF DRIED DILL ASSESSEDUSING 7-POINT SCALE

Samples QN
90 °C temperature 30 s 5.52
pretreated with microwaves

Description

Good quality

unblanched dill 4.93

steam blanched dill 4.89

water blanched dill at 90 °C
temperature 30 s

4.52 Average quality

steam blanched dill 4.04

pretreated with microwaves

water blanched dill at 70 °C
temperature 60 s pretreated
with microwaves

3.37
Satisfactory quality

water blanched dill at 70 °C
temperature 60 s

278 Unsatisfactory quality

Sample F (blanched at 90 °C for 30s, pretreateth wi

microwaves) received the highest quality numbef 516 the
sample the lumps were present, therefore the eegrtypical
green, but slightly uneven. Aroma of the sample dit
depend on blanching and drying parameters, it waisal dill
aroma. The samples B (unblanched dill), G (steaandtied),
E (water blanched dill at 90 °C for 30s), and He#gm
blanched dill pretreated with microwaves) was otrage
quality (quality number 4.04—4.93). The main devias were
found in color of the samples — grayish green (S3amp and
H) to yellowish green (Sample E). The sample H lvaped
and its color was gray. The sample C (water blathati# at
70 °C for 60 s) had the lowest quality — it was fhed, its
color was described as untypical for dill, grayishown,
aroma — untypical dill aroma. It allows drawing @nclusion
that blanching has effect on dried dill color amdnaa.

IV. CONCLUSION

1. Results showed that blanching significantly infloes
(p < 0.05) the aroma compounds, total color difieee
(AE) and sensory properties of microwave vacuum dri
dill.

2. The highest total peak area of
compounds of dried dill was established in the dasp

pretreated with microwaves and blanched at 90 %C fo

il

identified aroma

30 s. The smallest total color differenc®EE3.62) was
determined for unblanched dried dill.

3. Dried dill blanched at 90 °C for 30 s, pretreatethw
microwaves received the highest quality number 5:52
the color was typical green, but slightly uneven.

4. After evaluation of volatile aroma compounds, ccod
sensory properties of microwave vacuum dried @i,
the best method for dill pretreatment was estabtsh
combined microwave and water blanching at 90f6C
30s.
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