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ABSTRACT

The main objective of this study was to investighteeffect of different temperature of hot
air drying on the qualities of ginger powder inaddchemical content, colour parameters and
colour sensory quality. The drying experiments weagied out at four air temperature of 50,
60, 70 and 80C. The colour parameters for colour change of tagenals were quantified by
the HunterL (whiteness/darknessy, (redness/greenness) abdyellowness/blueness) system.
These values were also used for calculation of titange 4E). A consumer preference test
was conducted with 80 consumers to assess theraplality of 04 ginger powders. The results
showed that the decreasing of essential oils comitelow drying temperature is higher than at
high temperature. While the fats content was sicguitly decreased during drying at high
temperature as compared with low temperature deeittation process of fat occurring at high
temperature. The ginger powder was dried at higipegature showed a highly reduced content
of protein and carbohydrate. Least Squares regresgas used to determine the relationship
between colour sensory scores of consumer tastequemtification of three Hunter parameters.
In that, variable L” and “b” could be distributed to increasing while variab& contributory
decrease the colour quality of ginger powder prtaluthe zero-order, first-order and quadratic
models were used to explain the colour change ikmeluring hot drying ginger slices at’60
and it was observed thiat b anda were fitted to quadratic model.

Keywords:ginger powder, colour, drying prediction model.

1. INTRODUCTION

Ginger is the rhizome of the pladingiber officinale It is a tropical spice and cultivated in
India, Vietnam, Japan, and China. Vietnam is ondhef largest producer and consumer of
ginger in the world. Ginger is cultivated in somainty region such as Central Highlands, North
Central Coastal and North Western Vietnam. It isegally harvested in the month of October-
November [1]. The quality of fresh ginger as wallginger powder produced in Vietnam is very
good in terms of its aroma content [2]. But tilmthere is no proper post harvest processing of
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such good quality ginger powder. Open sun dryirg general practice and thenground into

a fine powderAvailability of sun being very much uncertain, sdrying is not effective in
some region. Besides, there are other problemsinndsying like due to the slowness of the
process and the exposure to the environment, tdupt gets contaminated from dust, insects
etc. The weather being moist round the year, speitakes place very soon [3-5]. Therefore,
more rapid, safe and controllable drying methods raquired. The forced convection hot air
drying is an effective method to produce a unifoimgienic and attractive colours product
rapidly. Therefore, a forced convective cabinetedriras been developed to address such
problem [6]. However, the colour of ginger prodwtiould be affected by hot temperature
during drying. Besides the chemical compositiore tolour also significantly affects on the
sensory quality of products. Hence, it is cruasatletermine and control the colour and chemical
composition of the processed ginger. The changeslofir can be related with the degradation
of nutritional compounds during processing thatehawmportant bioactive properties such as
cupric ion reducing antioxidant capacity due to dleereasing of total phenolic content,
ascorbic content and essential oil conteffith Standardized instrumental colour
measurements corresponds to visual assessment®afcblour and it is a critical objective
parameter that can used as quality index (raw andepsed foods), for the determination of
conformity of food quality to specification and fanalysis of quality changes as a result of food
processing, storage and other factors. Severaurcskales have been used to describe colour,
those most used in food industry are the Hunteowdl, a, b CIE system and the Munsell
colour solid [8]. Maintaining the natural colour imocessed and stored foods has been a major
challenge in food processing. Most studies on cesng colour due to time and temperature
treatments during food processing such as dryieatiihg, etc.

The drying behaviour of different materials wasdgtd by many authors and several
kinetic models have been established such as fopkin, sweet potato, carrot, apricot, etc... [9-
11]. To the best of present authors’ knowledge,sigmificant research on the changing of
chemical composition and kinetics model for colafirginger during hot drying as well as
relation between colour and sensory evaluatiorbleas reported in the literature. Therefore, the
objectives of the present work are to study theotfbf hot drying temperature on chemical
composition and colour change kinetics and to firedrelation between colour of ginger powder
and sensory quality in order to predict the qualitginger include chemical and colour changes
with time by foregoing drying techniques.

2. MATERIALS AND METHODS
2.1. Materials

The rhizomes were purchased in a local market, adsand cut to samples of
approximately 2 - 3 mm thickness. The experimen&0a 60, 70 and 80 °C by keeping the air
velocity fixed at 1.3 m/s. The airflow was measulsda portable, 0 - 15 m/s range digital
anemometer and adjusted by means of a variablel dgewer. The drying process is stopped
when the moisture content of the sample reached &6 (w.b). The drying experiments are
replicated three times for each temperature and\beage values are taken.

2.2. Color measurements
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Sample colour was measured before drying and agg@eified time interval during drying
period by Hunter-Lab ColorFlex, A60-1010-615 modelormeter. This system uses three
values (L, a and b) to describle the precise looadf a colour inside a three-dimensional visible
colour space. The colorimeter was calibrated agatasdard white and green plates before each
actual colour measurement. For each sample at fe@stmeasurements were performed at
different positions and the measured values (mehres). The measurements were displayed in
L, a and b values which represents light-dark spectwith a range from 0 (black) to 100
(white), the green — red spectrum with a range ffé@n(green) to + 60 (red) and the blue-yellow
spectrum with a range from -60 (blue) to + 60 @el dimensions repestively.

Total colour difference was calculated using follegvequation, where subscript “0” refers
to colore reading of fresh ginger. Fresh ginger used as the reference and a lalferdonates
greater colour change from the reference material.

AE=J(LG—L)2+(ao—a)1+(bc—b)2 1)
Chroma = (a* +b*)** @)
Hue Angle = tan '(b/a) 3)
o [100(x—0.31)]
0.17 (4)
(a+1.75L)

where (5.645L +a—3.012b)

where L is degree of lightness to darknessijsLinitial value of L, a is degree of redness to
greennes, s initial value of a, b is degree of yellownesdtueness ang,lis initial value of b.
Browning index (BI) represents the purity of browlaur and is considered as an important
parameter associated browing [8].

2.3. Chemical composition analysis

The moisture, ash, fat and protein and oils conbénhe ginger powder and fresh ginger
were determined by AOAC (2004) method [12].

2.4. Consumer test

A consumer preference test was conducted with 88uwuers to assess the colour quality
of 04 ginger powders. Consumers were recruited fileeHanoi, Vietham. Eligibility criteria
included in the screener were used ginger powderaffiliation market research Company,
Vietnamese and age between 18 and 65. Consumedcatedl their degree of liking of the
products on the horizontal lines with “dislike extrely” on the left end and “like extremely” on
the right end of line.

2.5. Statistical analysis
Statistical comparisons of the mean values for eagieriment were performed by one-
way analysis of variance (ANOVA), followed by thesrgral linear model with repeated

measured defined factors using SPSS 22 for Windmiftgvare. Significance was declared at P
< 0.05. PLS regression was performed by XLSTAT (oers2014).
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3. RESULTS AND DISCUSSION
3.1. Effect of drying air temperature on the chemial content

The fresh ginger and ginger powder were analyzetthair chemical compositions are
shown in Table 1. The fresh ginger contained moesB0 %, protein 0.38 %, fat from 8.5 %, ash
from to 6.7 %, essential oil from 2.5 % and carlibhye 2.9 %. The composition of fresh
gingers in this study was more or less similahtuse reported by several previous studied [13].

From Table 1, the ginger powder contained moistrom 5.080 % to 5.315 %, protein
3.016 % to 4.144 %, fat from 6.102 % to 7.503 9%, fasm to 8.726 % to 9.104 %, essential oll
1.809 % to 2.181 % and carbohydrate from 79.330 &lt807 %. These values are also similar
to those found by some studied who reported [14].

The change in chemical content of different samgla$ng drying is shown in Table 1. It
was observed generally that the decreasing of gakeils content at low drying temperature is
higher than at high temperature. The decreasingsséntial oils is higher at low temperature
could be due to increasing of drying time (22 h%6r°C and 12 h for 80C). While the fats
content was significantly decreased during dryihdnigh temperature as compared with low
temperature due to oxidation process of fat ocegrat high temperature. The ginger powder
was dried at high temperature showed a highly rediumntent of protein and carbohydrate.
Drying ginger at a higher temperature appears tatee its protein and loss carbohydrate
could be made alters its organoleptic attributesuph loss of its colour. From this results
obtained the temperature will significantly afféoe qualities of ginger powder.

Table 1.Chemical Composition of fresh ginger and ginger gemat different drying air temperature.

Samples Moisture (%) Essential Oil§ Fats? Protein® Carbohydrate ®
Fresh ginger 80.332+0.109 2.459+0.325 8.417+0.224 .38230.003 2.936+0.657
soc Ginger powder 5.315+0.194 2.181+0.289 6.102+0.015 .01&0.798 79.337+1.347
Fresh ginger 81.149+2.835 2.461+0.38 8.615+0.616 363x0.004 3.121+0.657
e Ginger powder 5.289+0.552 2.003+0.457 7.015+0.163 .434+0.798 80.402+1.347
Fresh ginger 81.268+2.149 2.455+0.19 8.467+0.5130.368+0.003 2.914+0.657
s0C Ginger powder 5.023£0.135 1.932+0.23 7.309+0.215 891Bt0.798 81.004+1.347
Fresh ginger 80.385+1.895 2.462+0.158 8.458+0.487 .39830.003 2.986+0.657
s0¢C Ginger powder 5.080+0.449 1.809+0.264 7.503+0.351 .144#0.798 81.807+1.347

a: % dry matter;
3.2. Colour and sensory evaluation of ginger powder

The result of consumer preference test was condueiidn 80 consumers to evaluated of
four ginger powder products showed that the progiiith was dried at 56C was the most
preferable (mean 7.17), followed by sample wasddaie60°C (mean 5.98), 88C (mean 4.71)
and 70°C (2.73) (p< 0.05) (Figure 1). The significant differences afed in the colour
evaluations indicate that the set provides a redsenbasis for the evaluation of possible
relationship between three values (L, a and b) eabur characteristics and/or colour
evaluations.
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Based on the Hunter colour parameter which wasyaealby Hunter-Lab ColorFlex and
preference scores of 04 ginger powder productsreébalts of PLSR analysis indicated the
positive and negative correlations between Hunwobwr parameter and specific sensory
attributes. The validation coefficients of threalour values which regression models were
developed as listed in Table 2. In that, both theght vectors of b values was positive
correlated with sensory attributes (colour qualityhile the others have negatively or positively
correlated (Figs 2 and 3).
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Figure 1.Preference scores and products. Figure 2 Consumer preference (Y) and
Hunter colour parameter (X) of ginger powder.
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Figure 3.The correlations map on t1 and t2 of prod(cbs),
Hunter colour parameter (X) and consumer prefer¢Mg.

When considering the calibration sets, a good taiiom between three values (L, a and b)
and colour quality ranking could be achieved asnlesl from a good determination coefficient
(R?) of 0.989. The error rate of predictability of ibehtion model could be expressed from a
term of root mean square error of estimation (RMSi)ich was found at 0.17. The good
correlation of the reliable calibration model sustge that the complexity of sensory perception
could be related directly to the three values (and b) by means of multivariate analysis. The
low RMSE values of this model suggested that thvakies (L, a and b) obtained from
instrument methods provided sufficient correlatioformation to the colour sensory quality
ranking.

Furthermore, compounds with high relevance for @xphg dependent Y-variables were
also identified from variable importance in the jpobion values (VIP). Large VIP values, more
than 0.8, are the most relevant for explainingdbleur quality rankings of ginger powder and
the compounds with VIP values greater than 0.8 weesented in Table 3. It was found that
key values contributing in creating the colour dyapredictive model were composed of
various Hunter colour parameter.
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Table 2 Correlation matrix of the variables  Table 3.Key values contributing to the construction

(correlation matrix of W). of predictive model using Hunter colour parameter.
Variable w*1l w*2 Variable VIP Stand_a_rdlzed
L 0.5443 -0.4761 coefficients
a  -05675 0.3182 b 1.07 0.8498
b 0.6178  0.8227 a 0.98  -0.1346
L 0.94 0.0264
VIP: variable impotantce in the
Projection

All VIP values are higher than 0.8, therefore apdified model of favourable products was
obtained (Eq.1).
Y = 0.8498*b — 0.1346*a + 0.0264 *L (1)
Equation of the model of favourable products shotted all there colour values could be
significantly effect to colour quality ranking ofrger powder. In that, variable “L” and “b”

could be distributed to increasing while variald& tontributory decrease the colour quality of
ginger powder products.

3.3. Prediction Models for Colour Changes

To investigate the effect of hot air on colour apatkinetics of ginger slices during drying
processing, air temperature of 8D was used for drying of constants amount of 1.3rkgh
ginger. The values of L, a, b and total colour gefAE) obtained from the experimental data
during hot air drying and model data are preseimtdcble 3.

Table 3 The changing of L value, a value and b valueuastfon of drying time at 5€C.

Time Hunter colour parameter Iﬁ;er‘:gcemg;; Chroma Hue Angle ng‘é\’:)'(ng
(minutes) L a b

0 71.27+3.85 -3.0£0.05 35.431.76 35.56:1.22 94.941.01  62.261.11
90 77.58+ 3.04 -2.5& 0.56 36.181.85 6.3&0.56 36.121.32 94.1@1.11 57.5@1.04
180 77.34+ 2.60 -2.18 041 36.8%1.63 6.290.44 36.911.09 93.321.05 59.8%1.01
270 80.45+ 5.44 -1.8% 0.47 38.2%1.38 9.8%0.76 38.221.11 92.7%1.09 60.141.09
360 80.91+5.76 -1.5%2 0.46 37.741.26 10.2#0.68 37.7#1.23 02.391.12 58.830.96
450 81.89+ 4.63 -1.130.10 36.861.05 11.120.72 36.881.19 91.840.98 56.4%0.99
540 82.20+5.74 -1.1¥ 0.04 36.581.89 11.420.80 36.681.34 91.7%0.88 55.621.01
630 84.48+ 3.35 -0.9& 0.04 34.421.69 13.4%#0.57 34.431.15 91.420.98 49.8@1.17
720 84.74+ 3.56 -0.6& 0.09 33.181.74 13.820.88 33.11%1.20 91.140.90 47.320.99

As can be seen from this figures, the L value iasee with drying time. It have been stated
that the change in brightness of dried sampleschwiticreased from 71.2% 3.85 to 84.74t
3.56during hot air drying of ginger samples at’&0 The “a” values were varied changed from -
3.07x 0.05 to -0.66 0.09as the drying time increased. Therefore, the cabdginger sample
trend to lose its greenness when drying time irsgeéaWhile, the b value increased at haft of
drying time and then decreased to final drying tiffilee initial and final b values were varied
change from 35.4% 1.76 to 33.1& 1.74 as the time increased. The change of col@yr me
due to decomposition of pigment compounds, non+@iatlg Maillard reaction [15]. As a whole,
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the total colour chang&E) of ginger slices increased during hot air dryivith drying time and
ranged from 6.3& 0.56 to 13.8& 0.88 as drying time increased.

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

Colour . Adjusted p p
Values  Model Equation R? (ANOVA) (Coefficient)
t  0.004
Quadratic 72.847 + 0.03t -2.0%8? 0.903 0.000 t*  0.040
C  0.000
L . t  0.000
Linear 74.378+0.016t 0.850 0.000 C 0.000
; %0,0001) t 0.000
Exponential 74.397% 0.830 0.000 c 0000
t  0.001
Quadratic -3.038+ 0.005t -2.664% 0.995 0.000 t*  0.001
a C  0.000
Linear t 0.000
-2.837+0.003t 0.964 0000  ~  Jooo
t  0.000
Quadratic ~ 35.143 + 0.017t - 2.78F 0.929 0.000 t* 0.000
C  0.000
b Linear 37.231- 0.003t 0.098 0.214 (t: 8(2)%3

: 04%t)

Exponential 37.254% 0.108 0.204 (t: 8%8?)

* C- Constant; * t -time

Chroma, hue angle and Browning index (Bl) wereaked by using equation (2) - (4) and
the results are shown in Table 3. The values ofamgte, chroma and Browning decreased as a
function of drying time. The hue angle value copmyls to whether the object is red, orange,
yellow, green, blue, or violet. The initial hue #n@f ginger slices was about Q4vhich
represents a colour in slightly green-predominayéijow region (hue angle between 90 - 980
of the colour solid dimensions. Upon heating, tbe Angle increased, shifting towards the more
cyan region.

For the mathematical predicting of colour changgiofjer, quadratic, zero-order and first-
order models were used. It was observed that Lndabavalues were fitted to the quadratic
model. The estimated prediction parameters ofeth@sdels and the statistical values of
coefficients of determination adjusted & well as significant values are representedatrlél4.

4. CONCLUSION

Results obtained from this research show that wemlof ginger powder is affected by
temperature of hot air drying. It was observed galhethat the decreasing of essential oils
content at low drying temperature is higher thahigh temperature. While the fats content was
significantly decreased during drying at high terapgre as compared with low temperature due
to oxidation process of fat occurring at high terapgere. The ginger powder was dried at high
temperature showed a highly reduced content oépra@nd carbohydrate.
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On the basis of the Hunter colour parameter inadudea and b, a model (determination
coefficient (R2) of 0.989, and root mean squarereof estimation (RMSE) of 0.17 was
constructed to predict the colour quality of gingewder. From the result obtained in this study,
the L, a and b values profiling by instrument mehan the combination with sensory and
multivariate data analysis should be a useful esfee for colour quality prediction of ginger
powder.

The colour change of ginger slices using the Lna la system totally explained the real
behavior of ginger samples undergoing hot air dyyirhe final values of L, a, b and total colour
change AE) were influenced by hot air drying. The zero-ordiest-order and quadratic models
were used to explain the colour change kineticsitavds observed that L, b and a were fitted to
guadratic model. The a, L amdE increased; on the other hand, b decreased wheerith
temperature was increased.
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TOM TAT

ANH HUONG CUA SAY KHi NONG LEN THANH PHAN HOA Li VA CHAT
LUGNG CAM QUAN MAU SAC CUA GUNG BOT (Zingiber officinale)

DPao NHit Quang, \i Thi Hrong, Hoang Qéic Tuin’

B6 mon Quin ly Chit lupng,Vign Cong ngli sinh tvc - Cong ngh thirc phim,
Truong dai hoc Bach Khoa Ha B, S 1 Pai Co Viét, Ha Nji, Viét Nam

"Email: tuanhgibft@gmail.comuan.hoangguoc@hust.edu.vn

Muc tiéu chinh @a nghién ¢u nay ladanh gia s anh hréng aia nhit do siy trong
phuong phap 4y khi nong lén cit lugng aia kot girng bao gm thanh phn hoa hc, thong )
mau va cht lugng am quan mau. Thi ngém qly duoc tién hanho bdn mic nhigt d6 gom 50,
60, 70 va 80C. Théng 6 mau Hunter §m 3 gia ti L, a, bduoc sr dung dé xacdinh mau éa
girng |4t trong qua trinhdg va grng Ht sin phim. Céac gia frnay ding dwoc sr dung dé tinh
toan gia t sy thay doi mau tng thé (4E). Phép tix cam quan th hiéu trén 80 ngoi duoc s
dung dé danh gia cht lugng aam quan mautea 04 niu girng bot. Ket qua cho thiy sr suy gam
ham kgng tinh diu cia miu sty o nhiét do thap cao fn so \bi mau sy & nhiét do cao. Trong
khi d6, thanh phn chit béo suy gim dang K déi véi mau siy ¢ nhiét do cao so i mau iy &
nhiét do thap do qua trinh oxi hoa éhbéo Xy ra trongdiéu kién nhigt do cao. Nhét do caoanh
huéng dang € dén sr suy gam ham lrong protein va carbohydrate trongtkging. Phrong
trinh hi quy twrong quanduoc sr dung dé xacdinh mbi twong quan gia diém cam quan thhiéu
mau va cac giaitmau. Trongio, gia ti L va b gép phn lam ting gia ti cam quan, con giaia
g6p phin 1am ghm gia ti cam quan mau& cia sn pham M6 hinhddng lyc bac O (zero-
order), lic 1 (first-order) va &ic 2 (quadraticjtwoc Sr dung dé xay drng md hinh ¢ bao & thay
d6i mau siy ¢ 50°C va Kt qua cho thly mé hinh lc hai 1a phu bp nhit d du bao s bién doi
mau $c trong qué trinhay girng ¢ nhigt d6 siy 50°C.

Tir khoa girng, ma mauz, mé hinh ¢ béo.
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