
Joumal of Science and Technology 54 (3) (2016) 314-322 

DO! 1015625/0866-708X/54/3/6494 

EFFECT OF HOT DRYING ON THE ESSENTIAL OIL CONTENT 
AND COLOUR CHARACTIRISTICS OF PEPPERMINT 

(Mentha piperita) 

Nguyen Thi Kim Chi, Duong Thi Thanh Thao, Hoang Quoc Tuan* 

Hanoi University ofScience and Technolog); School of Biotechnology and Food technology. 
Department of Quality management. No I Dai Co Viet Street, Hanoi, Vietnam 

Email: tuanbqibft&.gniail.com: titan.hoamquoc&.husl.edu vn 

Receipted: 28* August 2015; Accepted for publication' 29 March 2016 

The main objectives of this study were to investigate the effect of different temperature of 
hot air drying on the qualities of dried peppermint, including essential oil content, colour 
parameters, and visual sensory quality and to develop mathematical models for the colour 
change kinetics. The drying experiments were carried out at five air temperatures, 40, 50, 60, 70 
and 80 ''C- The colour parameters for colour change of the matenals were quantified by the 
Hunter L (whiteness/darkness), a (redness/greenness) and h (yellowness/blueness) system. These 
values were also used for calculation of total change (AE) as well as chroma, hue angle and 
Browning index. A consumer preference test was conducted with 80 consumers to assess the 
colour quality of 05 dried peppermint samples. The results showed that the decrease in essential 
oils content al high drying temperature is higher than at low temperature. Least Squares 
regression was used to determine the relationship between the visual sensory scores of consumer 
taster and the Hunter Lab values It was observed that L, a, AE and hue angle values were 
fitted to the zero-order model, while b and chroma were filled to the first-order model 
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1. INTRODUCTION 

Peppermint (Mentha piperita) is a popular herb that can be used in numerous forms (i.e., 
oil. leaf, leaf extract, and leaf water). This herbal preparation is used in cosmetics, personal 
hygiene products, foods, teas and pharmaceutical products for both its flavouring and fragrance 
properties [1]. Peppermint, like many other herbs, is highly seasonal in nature In order to 
preserve this seasonal and highly perishable plant and make them available to consumers all year 
round at low pnces. it is subjected to post harvest technological treatments such as drymg and 
freezing [2] Diying is one of the oldest preservation techniques. Natural drying, under open sun 
or in the shade, and hot air drying are still most known and widely used methods of drying. 
A\ailability of sun being very much uncertain, sun drying is not effective m some region 
Besides, there are other problems in sun drying due to the slowness of Ihe proce.ss and the 
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betarmol^t'l'™ 7 ; ™ ™ ° ' - *c product gets contaminated from dust, insects ete. The weather 

mcThod to ranTd? ^ T "" 'T"'^ ^ ^ '"'"'^ '^°°^'=™°" ^« '" "^'"'^ ' ' " " effective 
fo ed convec^ v c T " " T ' T ' '"^""' P " ' ' " " '""• ='*^etive colours. Therefore, a 
0 our â d ehem^ f "^^ " / " " '"=""°P='' '° ""^^^^ "̂='> P™"'™ t^I- However, the 

dr^Lg Bestertbe T ' ^ T " " " " ' P""*""^ " " ' " ''= "^^ted by hot temperamre dt^mg 
guZ of pfodo fs S.^"^"' - " - P ^ " ' " " . *c colour also significantly affects the sensot; 
composiL rf the „̂ „ a " ' " " " " '° ' ' " = ™ ° ' """ =°"''<" *= " " > " =•"< chemical 
5eZd t rofnufrL'™ "'TT"" '^'^ ""'"^''' °f '"'""^ -^^ be -'="=1 "•«' the 
[2] s t l r d i z e d Z l n i T ^ """"^ """"'""^ * " '"'^= " " P " " " ' '""'•ctive properties 

a":rriLgJi;^Lrr™^*r'"""'™-"-°-^^^ 
report zero order ( eqo t a fo rde rTeo 2, de ' °H, •""'=™ . "•"= ™J°"'^ "'"•"•= " » * vt4.i;ui iH-,1 oraer (eq.2) degradation reaction kinetics [5 - 7] 

C-C.±k. t , „ 

C-C„exp(±k|t) ,2) 

a ^ m e " : ^ r d ^ m g ^ i ' m e t m r i l r " ' " 'T V° "' -"'^' ^ ' ^ "^ = * - » - " 
first-otder kinetic co^ a'n Tmi " V) a S iTTnT 7 T'"' '°"'""" '"" '"" ' ^"^ ^' '» '"= 
parameter, respecttvely. ' ' '"' '"*"" '°"™"'°" ""'' dcgradaoon of quality 

and ̂ :^:^z^:'Z^:;^::!r:::7'' T *= ̂ 5-̂ = -̂ —' °- "— 
between colour and sen ow e v a t a t i o n h T r ' . " ' ' ' ^ ^ ^ ^ ^ 
objectives of the ptesent S a r ^ d y ' e e f f a t T f C dt^in'': ' " " " " ' " ™"= '°" ' '"= 
contents and colour change kinetics and Jr A ,v , ''"''''^'"S temperatute on essential oil 

leaves and sensoiy c„al,,y , or o p edS t e V u t C r f * " " " " ' ° " °"^'"' P'PP^™'"' 
contents and colour changL with time b'yt^glX^g:^^^^^^^^^^^ 

2. MATERIALS AND METHODS 

2.1. Materials 

c x p e J l t f h f r v ^ w L T p a S fr™"t' " ' i r ' " '" " " " • '"'" '° =-h °f ^^i"S 
measured ,nd,v,dually The exnennlm Z I ™ ' " " " '^°""" ' "'=»=" -̂ â -Plc was 
70 "C and 80 'C. and the a,r ve o™fixed a u T S ^ . >. tcmpcratutes of 40 "C, 50 =C, 60 "C, 
moisture content of the sample reac'hed 8 , 9 j t (dî ^^baTsT Z T " '"""""' " " " '"= 
repheated three times for each temperature and the avtig^valuTs'arltken""' """""""" " " 
2.2 Color measurements 
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Sample colour was measured before drying and at pre-specified time interval during drying 
period by Hunter-Lab ColorFlex, A60-1010-615 model colormeter. This system uses tfiree 
values (L, a and b) to describle the precise location ofa colour inside a three-dimensional visible 
colour space. The colorimeter was calibrated against standard white and green plates before each 
actual colour measurement. For each sample at least five measurements were performed at 
different positions and the mean values was used. The measurements were displayed in L, a and 
b values which represent hght-dark spectnim with a range from 0 (black) to 100 (white), the 
green - red spectrum with a range from -60 (green) to + 60 (red) and the blue-yellow spectnim 
with a range from -60 (blue) to + 60 (yellow) dimensions repestively. 

Total colour difference was calculated using following equation, where subscript "0" refers 
to colour reading of peppermint leaves. Fresh peppermint leaves was used as the reference and a 
larger AE means a greater colour change compared to the reference material. 

&E=^{l^-L)\ia,-a)\(b,-b)' 

Chroma = (â  +b-)''̂  
(4) 

Hue Angle = ian~'(b/a) 

where L is degree of lightness to darkness, Lo is initial value of L, a is degree of redness to 
greennes, ao is initial value ofa, b is degree of yellowness to blueness and bo is initial value of b 

2.3 Essential Oil extraction 

Essential oil was extracted from 200 g of leaves by steam distillation for 1 h using a 1 L 
Clevenger apparams. The essential oil yield was calculated as the volume (ml) of oil per weight 
of samples [8], ^ ^ 

2.4 Consumer test 

A consumer preference test was conducted with 80 consumers to assess the colour quality 
L t ^ L ^ , ? ''7'^T'"^ P°""!."'- '=°™™ers were recruited from Hanoi, Vietnam and age 
between 18 and 50. A 5-po,nt hedontc scale rang,ng from 1 = d,slike it veiy much to 5 = like it 
o f ^ o Z """ """ ' ' ° '""'''""° ''"='P"'™e f™"> *= ^e-i PCPPcnnint samples for the atttibutes 

2.5, Statistical analysis 

Statistical comparisons of the mean values for each experiment were performed by one-
meLr°efd"f "^ r ™ (ANOVA), followed by the general linear model with repeated 
measures defined factors using SPSS 22 for Windows software. Significance was declared at P < 
0.05. PLS regresston was performed by XLSTAT (version, 2014). 

3. RESULTS AND DISCUSSION 

3.1. Effect of drying air temperature on essential oil content 
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shown in ̂ a b l ^ ^ e f r e r o e T o ™ " : ? * " ' ™^'^^='' "" '=^^-'"" <•» "ntent. Results are 
samples. The essent al ca ff fre* "* ' " ' " ' ^ ^ ' ' "^ essential oil per 200 g 
repo'rted by several p r e v l l t j i d j s [ I ' " ™ ' '" ""^ ''"'' ™^ •""= " '^^ ™™'- '» ">o-

Table T EssenUal „„ content of fresh peppe^int leaves and dned peppenntnt leaves at dtfferen, 
drying air temperanire. 

Samples 

Fresh leaves 

Dried at 40°C 

Dried at 50°C 

Dried at 60''C 

Dned at 70°C 

Dned at 80°C 

Weight of samples 

200 ± 1 45 

200 ± 1.22 

200±L08 

200± 1.18 

200 ±1.32 

200 ±1.28 

Drying time 
(minutes) 

0 

360 ±5 

120±5 

90 ±5 

60 ±5 

40 ±5 

Essential oil 
content (ml) 

1.6 ±0.54 

1.5 ±0.47 

1 5 ±0.35 

1.4 ±0 42 

1.2±031 
0.9 ±0.11 

tempi:?: i f h X h L T & ^ ^ 
not signifieam among samplesT X ,„ n " 6 " r T h e ' ; f ' T ° ' " " " ' " " °" '^°"'™' ^ 
or 60 "C should be chosen due to shorter drying ? m e - ? ^ , ' ' i r " " " ^ ' ' ^ ' " S ' " 50 
significantly affects the qualities of dned pcppe™i„r "" '™' ' """ 'e">Pe™tute 

3.2. Colour and sensory evaluation of dried peppermints. 

produ';n„̂ :;;treirXr:h:̂ ^̂ ^̂ ^̂ ^̂ ^ T'-^-^ •"- ™̂'' p̂ pp™*-
followed by sample dried at 40 T (mean 4 42T60 =c , f . . f ""°." P'=''™'"'= <"'='"' "-'<>). 

(mean 2.24) (p < 0 05) (F,B n Tl, r ' ' .- '™' '" ^•''^'' ™ C (mean 2.58) and 80 °C 

indicate thaVL sefp'rlv, e 'a I a^n^b^'bl , ' ; t T h " " T " ^ ' '" '"= " ' » " ' = ™ ' - « ° -

between t ^ e e v a l u e s ( , t , a „ d * ) a n d c o C c h t : t e t t , e s \ n r r u r X l s " ^ ' ' ° " * ' ' ' 
p r e f e r e r s ™ ; e s % t o T d n : r p e S ™ r p r : d t t T " t n " ^ """'"-^^^ C * ^ ^ ' « - ^ 
posifive and negahve correMor™^een H u i T"" " " ' • " * ™'">"»̂  '""'e-'cd the 
atfributes. The validation coefficients oTthree^r '̂ °'°""" P=™eter and specific sensory 
developed as listed in TabI 2 " fi,", b«h^ T ' " " " " " "'"'"""' ™''el^ we„ 
correlated with sensory a t f r ibu te s (o lou^q„a t ) thd : t T ° l """"""'^ ™^ P°^""e coirelated (Fig. 2 and Fig. 3). " ' **= ° * " ' '»'= negatively or positively 

and cl t^rs ig-ot isrrcht id Ti'°"rr'"-''- '̂ - ™'"- < -̂«-- *> 
(R=) of 0.976. The error rate of pred cmbltv of c, T ,- " T " "e'e™'""'"" coeffieien 
tem, of root mean square etror'of es,ta ^ IRM t̂ ^̂ ^̂  "'"''' '"= '̂ ''P^^^ed from a 
cortelatton of the rehable cahbration m'wuggeTdfhltTh " 7 '""^^ "' ° ' ' '^ •̂ ''= ^ood 
could be related directly to the three value i f ^'d M „ '"'"'"'""y ° f ' ' ' " " T perception 
low RMSE values of this model -ggested\hat hrvaTueT' l i 'd™»,"°b°'''"^ ^"^ 
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instrument methods provided sufficient conelation information to the colour sensory quality 
ranking. 

Figure 2. Consumer preference (Y) and Hunter 
colour parameter (X) of dned pepperminL 

Figure 3. The coirelations map on tl and t2 of products (obs). 
Hunter colour parameter (X) and consumer preference (Y). 

Furthermore, compounds with high relevance for explaining dependent Y-variables were 
also identified from variable importance in the projection values (VIP). Large VIP values, more 
than 0.8, are the most relevant for explaining the colour quality rankings of dned peppermint and 
the compounds with VIP values greater than 0.8 were presented in Table 3. It was found that 
key values conn-ibuting to the construction of the colour quality predictive model were 
composed of various Hunter colour parameter. 

Table 2. Correlation matnx of the variables 
(correlation matrix of W). 

Variable 
L 
a 
b 

w«l 
-0.6017 
0.5002 
-0.5770 

w«2 
0.6011 
0.7108 
0.2163 

Table 3. Key values contributing to the construction 
of predictive model usmg Hunter colour parameter. 

VIP Standardized 
coefficients 

1.1342 0.6487 

0.9762 -0.4407 

0.8908 -0,3163 
VIP: Variable Importance in the 

Projection 
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ahl^^i^lX"' "' ' ' * " *°° " '• """''°'° ' " "P ' "* ' " """'" of f-ottable products was 

Y = 0.6487»a-0.4407«b-0.3l63*L (j) 

si^iS;"a£t'Lr'qSiifrXTfrd^--^' *'" -""-- -""- -'-- --" 
variable »t" and-A" eontnbme to » I n ^ vT PePP=™"t. According to this equation, 
colota quality of d*ed pe ^ r lS iS ^ ^ T " " ' ^ ™"'"= ••"" ^ ° " ' " ^ " ' - '° "" « "^*= 

3.3. Colour change kinetic models for the drying process of peppermint 

d t y - I ^ ^ r S : lir t ^p t r ^e - ' o f 5„°?c^*" 'TF S " " ' " ^ "'^""'^'"' ' ^ ^ ^ ^ " ^ 
peppermint leave. The va H f L ^ "̂ ,= " ^ ^ f " - ^ " ^ o f constants amount of 500 g 

expenmental data dunng h „ t a i ? ^ , n ' g : ; d ' m : t i r : * L r / m ^ t ^ i r " = ' ^--^ '^^ 

Table 3 Var,at,on ofZ, „ and b values as ftinction of drymg Ume a, 50 'C 

Time 

(minutes) 

0 

20 

40 

60 

80 

100 

120 

Hunter colour para 

L 

43,37± I 45 

39 66+1.64 

36 66+ 1 60 

36-27± 1.44 

33.47+L76 

32 45+ I 63 

32.30+ I 14 

___^__ 
-7.22+0,25 

-6.37+0 16 

-5.79± 0 1 1 

-5 56+ 0,37 

-5.I8±0 26 

-4-83+0 15 

-4 18+0,24 

meter 

b 

21.48+1 07 

19-97+1 37 

18 11+1 33 

17.27+1.28 

16 30+1.24 

16 49+1 15 

16 Il+I 33 

(AE) 

4 10±0-51 

7 65±0,46 

8 42+0 51 

11 36+0 68 

12 25±0-71 

12-68+0 58 

Chroma 

22 66±l 02 

20.96±].]| 

19 02+1 14 

18 14+1 00 

17 11+0.98 

17 18+1-05 

16.64+0 89 

Hue Angle 

108 58± 1-06 

107-70+1 03 

107 74+1.02 

107 84+1-01 

107-62±1 11 

106 31+0.96 

I04,56±0.87 

43 37^r32.r„.^;Te"a^ r u : f c ; : : ; : d ' i ^ V l ^ ^ ' t TltTV"-' " " " - ' ' ' ^ - " ' 

S ^ e a S ' l ^ e S t b ^ r ^ i Z - : ^ - ^ ^ 
were 21.48 and 16 II resnecttvek The k 7 ' ^ ' " ^ """' ^''= ' " "« ' ""d f'nal b values 
Pigment c o m p o u n d V L T n - r Lf i ^ M i S reVcfi 7 l n 7 A ' : '"T, " ' r r ' " " "^ 
c . ^ e ^ o f p t j , e ™ m , e a v e s increased dunng h ^ r ^ ^ ^ ^ 

3. Th?rTsrrwTdThthT™Lt*fue"::gr''"h''°" ''r>"""'""- *°™'- ̂ '̂  
...tte. The hue angle value cor̂ esp nds o whethef the 0^™ i f r T " ' " ' t " " ° " °' "^ '"^ 
or violet. The initial hue ansle of nen„,L , ' .! ' "'""S"' y="°"- e^een, blue, 
.nshghtlygreen-predominait yel w e™:' n r e X r t r ' d ? " * ' " ' 7 " " " ' ^ ' " ' " " 

9o-,80",̂ upon heating, thehL̂ ng,edrL:d;̂ :hSg;::t̂ dt:h:";:e;ietor̂ '='=*̂ ^̂ ^̂  
mode::::::^ h t r r t d r r'::i?:s;::-r''r-^'™-°'"--"----

L. a. dt and hue angle values were fined to the zero-
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order model, while b and chroma were fitted to the first-order model. The estimated prediction 
parameters of these models and the statistical values coefficients of determination R", adjusted 
R" ,̂ as well as significant values p are represented in Table 4. 

Table 4. Model summary, ANOVA and Coefficients of prediction model for colour changed. 

Colour 
Values 

AE 

Model 

Zero-order 

First-order 

Zero-order 

First-order 

'LeiQ-ciiAzr 

Firet-order 

Zero-order 

First-order 

Equation 

40.354 - 0.75t 

40.592«exp(-0 002t) 

-6.742 + 0.02t 

No modeling 

19.889-0.036, 

I9.957«exp(-0.002l) 

3.449+0 S5t 

4 220«exp(0.0llt) 

R' 

0.925 

0.933 

0.982 

0.835 

0.850 

0.926 

0.847 

Adjusted R^ 

0.927 

0.916 

0.978 

0.784 

0.813 

0.908 

0.808 

P 
(ANOVA) 

0.002 

0.002 

0.000 

0.011 

0.009 

0 002 

0.009 

P 
(Coefficieot) 

t 

c 
t 

c 
t 
c 
t 
c 
t 
c 
t 
c 
t 
c 
t 

c 

0 002 
0.000 
0.002 

o.ooo 
0.000 

o.ooo 

0.011 

o.ooo 
0.009 
0.009 
0.002 
0.021 

0.005 

20.897 - 0 04t 

21.083«exp(-0.002t) 

0 873 

0.890 

Hue angle 
108 986-0.0291 

1090!l*exp(0.00t) 

0.682 

0.681 

0.006 
0.000 
0.005 

* C- Constant; * t -time 

0.043 
O.OOO 
0.043 
0.000 

4. CONCLUSION 

Results obtained from this research showed that qualifies of dried peppermint are affectetl 
by temperature of hot air drying. It was observed generally that the decrease of essential oils 
content at h.gh dtytng temperature is higher than at low temperature. The product which was 
dried at 50 C was the most preferable. On the basis of the Hunter colour parameter ( i , „ and h) 
and colour sensory score, a model was constmcted to predict the colour quality of dried 
peppermint. This model has a detenninafion coefficient (R^) of 0 976, and a root mean square 
en-or of eshmation (RMSE) of 0.24. Results obtained in this stody showed that multivariate dala 
analysis using the L. a and b values obtained by instrumental methods in combination with 
sensory scores can serve as a usefiil tool for colour quality prediction of dried peppenntnt The 
colour change of peppennint leaves using the L, a and b system totally explained the real 
behavior of peppermint samples undergoing hot air drying. The final values of L, a, b and total 
colour change (AE), chroma and hue angle were influenced by hot air drying. The zero-order and 
ftist-order models were used to explain the colour change kinetics and it was observed that L a. 
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Muc tieu chinh cua nghien cihi nay la danh gia s\r anh hudng ciia nhiet dp say trong 
phuong phap s5y khi nong len chat lircmg ciia la bac ha bao gom ham iugng tinh diu, thong s6 
mau, chat lugng cam quan mau va xay dung mo hinh dpng hoc bien doi mau trong qua trinh say, 
Thi nghiem say dugc tien hanh a nam miic nhiet dp gom 40, 50, 60, 70 va 80 "C. Thong so mau 
Hunter gom 3 gia tri L, a. b dugc sir dung de xac dinh mau ciia la bac ha trong qua trinh say. Cac 
gia tri nay ciing dugc sir dung de tinh toan gia tri ciia su thay doi mau tong the (AE), chi s6 nau 
hoa. Chroma va Hue angle. Phep thir cam quan thi hieu tren 80 ngucri dugc sii dung de danh gia 
chat lugng cam quan mau ciia 05 mau la bac ha qua say. Ket qua cho thay sir suy giam ham 
lugng tmh dau ciia mau say a nhiet dp cao la cao hon so voi mau say a nhiet dp thap. Phucmg 
trinh hoi quy tuong quan dugc sir dung de xac djnh moi tuang quan giira diSm cam quan thi hilu 
mau va cac gia tri mau. Ket qua cho thay gia tri L va b gop phan lam giam gia tri cam quan, con 
gia tri a gop phan lam tang gia tn cam quan mau sac cua san phdm. Mo hinh dpng hpc bac 0 
(zero-order) va bac 1 (first-order) dupc su dung dl du bao sir thay d6i mku ciia mlu siy a 50 °C. 
K t̂ qua cho thiy mo hinh bac 0 co thS dung dS du bao su bign d6i cua cac chi s6 L, a, AE va 
hue angle, trong khi do m6 hinh bac 1 phii hpp cho su bifin d6i cua hai chi s6 b va chroma. 

Tir khoa: la bac ha, mau sac, mo hinh dpng hgc biln doi mau trong qua trinh siy. 




