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Abstract: This paper applied chemical and enzymatic peeling techniques to enhance the efficiency of ginger
peeling process. Gingers were peeled using different chemical and enzymatic peeling conditions before being
washed by ginger washer/peeler. The efficiency of the peeling process was evaluated vsing image analysis
techniques. It was found that the optimum condition for chemical peeling of gingers was soaking in NaOH
sofution (1 g/100 g water) at 80°C for 60 s. The yield obtained was 87.4% by weight. Image analysis showed
that the average unpeeled area of gingers was 8.73%. It was found that commereially available fruit peeling
enzynics had the potential to be used in ginger peeling. The best yield obtained from enzymatic peeling was
90.57% by weight. It also reduced the average unpeeled areas to 1.20%. Enzymatic peeling enhanced the
ctficiency of the peeling by removing the peels of the arcas that could not be reached by chemical peeling.
Pickled gingers produced from experimenially peeled gingers provided lower pH, higher protein content and
darker color when compared to those made from hand peeled gingers.
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Introduction

Peeling is an important step for processing of
fruits and vegetables. It is currently conducted by
mechanical, chemical, thermal (steam and freeze) and
enzymatic methods (Toker and Bayindirli, 2003). The
ideal peeling method aims to remove the peel with
high efficiency and low peeling losses. Practically,
each method of peeling has its own benefits and
limitations depending on various factors (Emadi
et al., 2007). Manual abrasive pecling could result
in close to the ideal peeling (Somsen et al, 2004;
Arazuri et al., 2010). Mechanical method has the
advantage of retaining edible portions of the produce
fresh and damage-free. However, this method is nat
flexible and generating high losses (Emadi et al.,
2007, 2008). Chemical peeling applies a hot solution
of caustic soda in which the product is immersed for
a certain period of time. Despile a concemn in the
rise for chemical cost and the associated disposal
problems, it is commonly used for peeling of some
vegetables such as tomatoes (Das and Barringer,
2006). Several authors have investigated the chemical
peeling for various fruits and vegetables (Floros and
Chinnan, 1990; Garrote ef al., 1993; 1994; Barreiro
et al., 1995, 2007). Moreaver, stcam peeling is one of
the most popular methods due to its high automation,
precise control of time, temperature and pressure by
madern process control devices. Thus, it minimizes
peeling losses and reduces environmental pollution
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as compared to chemical pecling (Garrote ef al.,
1997, 2000). Recently, enzymatic peeling which is
based on the treatment of fruits with corresponding
glycohydrolase enzymes has been suggesied
(Pretel er al,, 1997). This method involves no harsh
treatment, hence, the amount of broken segments
and juice losses are much less than the conventional
method and the peeled fruit has a better texiure and
appearance. Enzymatic peeling has been studied
with focus on citrus fruits (Ben-Shalom et al., 1986;
McArdle and Culver, 1994; Rouhana and Mannheim,
1994; Soffer and Mannheim, 1994; Preiel et al.,
1997; Prakash er al., 2001; Pretel et al., 2005). The
others have investigated the potential of enzymatic
peeling in some stone fruits {Toker and Bayindirli,
2003; Kaur et al., 2009) and vegetables (Suutarinen
et al., 2003).

" Peeling of gingers is the important siep for various
ginger processes including pickled gingers. Gingers
are irregular in shape and not in a spherical geometry.
Therefore, the peeling process is a very tedious, time-
consuming and labor intensive. Complex shapes of
gingers also make mechanical peeling ineffective.
There is currently limited work with regard to the
peeling of gingers. This research invesiigated the
peeling of gingers, with emphasis on pickled ginger
process, using a combination of various peeling
methods. The peeling efficiency was investigated by
image analysis which cwrently has heen proved to
be the valuable fool (Srikaeo ef al., 2006; Pallottino
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et al.. 2010). The findings could help pickled ginger
industry in process desigus. It could also contribute
to research on fruit and vegelable peelings especially
the peeling of imegular shape firuits-and vegetables in
which better understandings are still in need.”

Materials and Methods

Maierials _

Freshly harvested gingers with an average weight
of 85 g/piece were obtained from Wang Thong Agri-
products Co., Ltd. in Phitsanulok Province Thailand.
Ginger washer/peeler is the lab-scale model and
made locally with the capacity of 20 kg/baich (Fig.

1). Sodium hydroxide (AR grade) was obtained from

Lab-Scan Asia Co., Ltd. Fruit f)rocessing enzymes
which contained commercial grade of pectolytic
enzymes (Brand A and B) were obtained from National

Centre for Biotechnology Education, University of

Reading. UK. According to the information provided
from the supplier, Brand A is the mixture of pectolytic
enzymes with the main enzywme is p-glucanase. The
major enzymes in Brand B are pectintranseliminase,
polygalacturonase and pectinesterase. They both
exhibit optimum activity around pH 4.5 and at 50°C.
The declared enzyme activities for Brand A and B
arc )0 FBG/g and 26,000 PG/mL, respectively. Tt
should be noted that there js currently no standard
for declaralion of activity for commercigl enzymes,
Therctore, the declared units are different.

Table 1. Chemical peehng condition for each expertmental
ircalment uscd in this study

Lypenmenal WaOH concentration " .
tecatment eoiles _{g/100 g waler) Tempyratun:l( € Time ()
Tl 1.0 70 5]
2 (KD 0 120
O3 1.0 20 60
4 1.0 80 120
3 1.5 70 an
6 1.5 70 120
o7 1.5 80 60 .
Lo L3 80 . 120

‘Table 2. Enzymatic peeling condition for each experimental
treatment used in this study*

FExperumenial

Ireatment codes Enzyme types Time (min)
Brand A 50
L2 Brand A 60
I3 Brand B 30
E4 Brand B 60
“The wodcotatzon of enZyme used m this study was | g/ 1Q0 g sofmion (for bivh cozymcs)
ard sodking ol $0°C, avconling w e literatures and supplier reconnendations.

gy

&

Figure 1. th-scdle gin 1er"ashcrlpeel - 1) molor, 2) water
wnk, 3) roliing vessel and 4) stainless steel grates
Peeling of gingers

Fresh gingers (10 kg of total weight or
approximately. 120 pieces) were subject to chemical

peeling using different conditions (Table 1) belore

_ beingwashedusing tapwaterby thc washer/peeler(Fig.

1) for 1 hr, The washer contains about 30 L of waler
for cach batch and rotates at 48 rpm, Gingers which
have been pecled using the optimum condition from
chemical peeling were subject 10 enzymatic peeling
with different enzyme conditions (Tuble 2). Peeled

- gingers were washed in the same way as described
-for chemical peeling. The peeling experiment was

conducted in iriplicate. The letter “C™ was used as
experimental treatment code for chemical peeling
{Table 1) while the letter “E” was used [or enzymatic
peeling (Table 2). The conditions employed for both
chemical and enzymatic peelings as shown in Table

.1 and Table 2 were based on the literatures and/or

suggested by the enzyme supplicrs.

Peeling yields and quality examinations

The yield was expressed as the weight remained
after peeling. The color of pecled gingers were
measured in CIE L'a’b" (Minolia, CR-10). The
texture of enzymatic peeled gingers was determined
by puncture strength test (TA-XT2 Texture Analyzer)
using 1 mm-diameter needle probe at the speed
of 2 mm/s until the probe penctrated 5 mm into

-the sample. To minimize errors, 10 samples were

vandomly selected from each experiiment for color

* and texture analysis, At least 5 spots for each sample

were measured.

Image analvsis for unpeeled areus
Total 25 samples were randomly selected lrom

each experimental treatment for analysis. Pictures of

peeled pingers were taken using a digital camera al
3,888 x 2,592 pixels at the same position and distance

© for all samples. The image analysis software, Image)

(National Institutes of Health, US), was used. The
method was developed based on the procedures
described previously (Zhou er af.. 2004; Sheftield.
2007; Remirez ef al., 2009). Bricfly, the images were
converted to grayscale and the unpeeled areas were
isolated using thresholding. Fig. 2 shows the example
of image adjusting, The unpeeled areas or dark spots
in the images were quantified as the percentages of

‘total areas in pixels,

Figure 2. Example of ginger pictures prepared for image
analysis, a) before thresholding, and b after thresholding (the
dark spols represent as unpecl arcas)
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Pickled gingers

Pickled gingers were produced from gingers
which have been peeled using the best condition from
chemical and enzymatic peeling methods desenbed
previously. Hand peeled gingers were also used to
produce pickled gingers for compavison. To avoid the
elfects from other factors, pickled conditions were
controlled to be the same for both types of gingers.
Peeled gingers (2 kg or about 25 pieces) were placed
10 an opague plastic jar that contained sufficient brine
solution specially prepared for pickled gingers. The
brine solutions were kindly provided by Wang Thong
Agri-products Co., Lid. The pickled process took
3 months under room temperature, Pickled gingers
were analysed for their properties. Color (L"a’b") was
cxamined using the same method as described earlier.
The components and microbiological properties
(total plate count and yeast and mold count) were
evaluated for both types of pickled gingers using
standard methods {AOAC, 2000). Experiments were
conducted in triplicate. .

Statisticul analysis

Completely randomized design (CRD) was
uscd tor experimental design. Analysis of variance
(ANOVA) and test of significance were performed
using SPSS* ver, 17 with confidence level of 95%.

Results and Discussions

Chemical peeling

Table 3 shows the peeling vield, unpecled area
and color of the samples fiom each experimental
treatment. Stafistical analysis suggested that all
factors significantly affected (p<0.05) the response
vanables. It was found that C3 gave the maximmim
vield. However, in terms of color, C4, C6 and C8
were preferred as they provided high L' and positive
b” values, indicating the brightness and yellowness of
peeled gingers. Unpeeled areas, as assessed by image
analysis, of C1, C3 and C6 were found to be minimal.
Thereforc, in this experiment, it can be concluded
that C3 (NaOH [ g/100 g water, 80°C and 60 s) was
the optinmam condition as it used less chemicals and
provided goodresults. Thereare cucrently no published
data about chemical peeling of gingers. Previous
works have investigated the use of chemical peelings
im lomatoes (Floros and Chinmin, 1990; Garcia and
Barrell, 2006), polatoes and asparaguses (Garrote et
af., 1993, 1994, 1997), hazelnuts (Kaleoglu et «l.,
2004) and in some stone {ruits (Guldas, 2003; Toker
and Bayindirli, 2003). This paper shows the potential
of applying chemical peeling in an irvegular shape
vegetable such as gingers. Moreover, the optimum
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condition for caustic peeling of gingers in this study
is milder than those reported previously with other
fruits and vegetables. This could be influenced by
the difference in morphologic characteristics. skin
adherence and its thickness including the degree of
union between the peel segmenis. The mild condition
used for ginger peeling could provide benefits in
terms of cost saving and environmental friendly

process. It could also reduce strange tastes in the

products caused by chemical pecling.

Enzymatic peeling

Table 4 shows the results of enzymatic pecling
(refers to the conditions in Table 2) which aimed 10
enhancethechemicalpeeling. Stalisticalanalysisfound
that all factors significantly aticcted the responses
(p=0.05). Considering all quality characteristics,
although E3 gave the best color result (the highest
L"), E2 was chosen in this study as it provided the
maximum yield, minimum unpecied arcas and firm
texture (high puncture force). Therefore. it can be
concluded in this study that using peeling enzyme
(Brand A) for 60 min can enhance the peeling of
gingers after being peeled by chemical peeling as
described earlier. The unpeeled area reduced from
8.73% to 1.20% (refers Table 3-4).

Researches on enzymatic peeling have been

- focused on citrus fruits (Ben-Shalom ef af., 1986;

Rouhanaand Mannheim, 1994; Soffer and Mannheim,
1994, Pretel ef al., 1997, 2007). A few published
works have investigated the use of enzymatic peeling
i stone fruits (Toker and Bayindirli, 2003; Kaur
et al., 2009) and in some vegetables (Suutarinen
el al., 2003). Recently, Pagan e of. (2010) siudied
enzymatic peeling in grapefruils. Many [aclors
influence the effectiveness of enzymatic  peeling.
These include types of enzymes, concentrations and
application conditions (Rouhana and Mannheim,
1994; Soffer and Mannheim, 1994; Prakash et «af.,
2001), cuts and shapes, vacuum infusion conditions
{Baker and Wicker, 1996; Pretel ¢t af., 1997; Prakash
et al., 2001) and fruit and vegetable skin adherence
and its thickness (McArdle and Culver, 1994).

This study has investigated the use of nwo
commercial pectolytic enzymes. Although, both
enzymes mainly confained pectolytic enzymes bui
they provided different effectiveness when applied to
ginger peeling. In this study, Brand A was lound to

- be suitable for gingers. Toker and Bayinduli (2003)

have reported the use of the same enzyme in apricots,
nectatines and peaches.

Pickled gingers
The properties of pickled gingers produced from
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Table 3. Yicld, unpeeled area {as evaluated by image analysis technigues) and color of chemically pecled
gingers from each experimental treatiment >

Fxpernimental Yield N Color
reasient codss 1% by weight) Unpexl area (%) L* a* b¥*
C1 81637+ 034 8$.70: +0.32 59.87°+0.38 5.35+0.28
C2 84454+ 046 951*+(}45 61.304+ 036 323+ 0.36
€3 37400012 3.73:+£0.09 62,11°1 0,36 278>+ 036
€4 86355+ 0.27 10,157+ 0,40 64.54 £ 012 22794012
Ca Bl.O7x0.17 .67+ 029 6209 £0.2] 21341021
[§4) 83272023 8.60°+0.42 63.224x0.39 2,559+ (.29
7 3548+ 014 13.55° £ 0.44 0211 +039 2.674+0.19
N 85.50°x 0.16 1443 =117 62,70+ (.22 2.659+0.22

anis = shndanl Jeviations

rpiy 1o abl Lables where they appear,

i ilerent leters m o eolwrin indicare that they are sigimificamly Jifferent {e20.05and “us™ means they are pot significant (p~0.05}.

Table 4. Yicld, unpeeled arca (as evaluated by image analysis techniques), puncture strength and color of
enzymaiically pecled gingers from cach experimental treatment

Faparimentil Yield Unpeel area Puncture strength Color
treatment vades (%4 by weighn (%%} igF) [ : 2= h*
Il 8712205 160 + .08 1,028+ 222 61,27+ 0.05 308002 RENEIERINE
E2 90.57*£0.05 1.20 + 0.08 1,165 % 1.62 60714+ 0.05 293 = 0un 26,63 £0.0%
L3 88307 £ 0.15 1.88 003 93920 63,33+ £0.03 21 0 2T <03
L4 B8.09° £0.08 139+ 0.09 8561+ 313 60.86° £ 0.08 244 £ LY 2840 L 014

Table 5. Physical properties {(pH and coler), components (moisture, protein, fat, crude fibre, ash) and microbiological properties
(total plate count and yeast and mold) of pickled gingers produced {rom hand peeled and experimentally peeled gingers

Moismre

Fa1= Crude fiber ™ Ash”

S Prolein

Sumipies pH (/190 g dry sample) (/100 g dry sampic) (/100 g dry sample) tg/100 g dry sampli) {2 10 2 dry sampley
Hund peeled 265+ 0.00 96.24 + 0.05 0.49*+ 008 026002 0534+002 302
Expetimentally peeled 231" £ U 49560+ 017 1).52: £ 0.01 032002 0.551 0,02 0351 ue2

. . " Toral plate conps = Yeastand mold -~ ’
Cator (L*) Color1a%) Coler (b*) {log CFU/g sample) {log CFU/g sample)

Hanad pecled 5653 £0.07 396t =007 14.60 097 286002 17304
Fxpermentally peeled 46348 +012 .02 +0.19 17.94 £ 0.05 295002 1.74+ 003

hand and chemicallyfenzymalically peeled gingers are
shown in Table 5, Chemical and enzymatic peelings
used in this experiment induced several changes in
pickled gingers when compared to hand peeling, The
color of hand peeled gingers was brighter than those
from experimentally peeled gingers as indicated by
L" values. The darker color found in experimentally
pecied gingers was influenced by the redness as
indicated by higher a” values. Red pickled gingers
are preferred by the industry. The red color which is
developed during the pickling process may be from
the reaciions between the brine and some pigments.
Chemicals and enzymes used during peeling process
could cause the release of pigments from ginger cell
walls and enhance the red color in the final product.
In addition, they couid also damage ginger cell walls
and allow more brine solution to penetrate into the
cells during pickling, resulting in the difference
of pH and protein contenl. However, the other
properties including microbiological properties were
not significantly different (p>0.05). Further studies
on the elfects of chemical and enzymatic peelings on
gingers are required.

Conclusions

Chemical peeling can be applied fo the peeling
of gingers with milder conditions than that applied
to other fruits and vegetables. This promoics the
cost saving and environmental friendly process for

chiemical peeling of gingers. Commercial peeling
enzymes can also be used to enhance the effectivencss
of ginger peeling, particularly the unpecled arcas
that cannot be reached by chemical pecling. Notably
those different brands which contained the same
major enzymes provided different cffectivencss.
Chemical and enzymatic peeling cavsed some
changes in pickled gingers when compared to those
produced from hand peeling. They also enhanced
the red color of pickie gingers. Further studies about
ginger peelings are required as gingers are complex
in shape and this makes peeling difficult and fabor
intensive. The development of cflective peeling for
gingers conld be useful for the industry. In addition,
this paper demonstrated that image analysis technique
was the useful tool for analysis of effectiveness of
peeling process.

Acknowledgement

This research was financially supported by the
Thailand Research Fund (TRF) - Grant No, MRG-
WI5255123. The support from Waung Thong Agri-
products Co., Ltd. is also greatly acknowledged.

References

AOAC. 2000. Official Metheds ot Analysis of AOAC
International. 17* edn. AOAC International,
Arazun, S., Jaren. C., Comrea, . C. and Arans, L 2010.

International Food Research Joumal 18(4): 1387-1392



Peeling of gingers as evaluated by image analysis techniques: A study for pickivd ginger process

Influcnce of the peeling process on pepper quality.
Journal ol Food Agriculiure and Environment 8: 44-
48.

Baker, R A and Wicker, L. 1996, Curmrent and potential
applications ot enzyme infusion in the food indusiry.
Trends in Food Scicnce and Technology 7: 279284,

Raneire, J. A., Caraballo, V. and Sandoval, A. J. 1995,
Mathematical model for the chemical peeling of
spherical foods, Journal of Food Engineering 25; 483-
496,

Barreiro, J. A., Sandoval, A. J,, Rivas, D. and Rinaldi,
R 2007. Application of a mathematical model for
chemical peeling ol peaches (Premnus persica 1.}
variely  Amatillo Jarillo. TWT-Faod Science and
Techuology 40: 574-578.

Ben-Shalom, N., Levi, A. and Pinto, R. 1986. Pcctolytic
cnzyme sidies for peeling of grapefiuit segment
mermbrane, Jounal of Food Science 51: 421423,

Das, DI, and Barringer, S. A. 2006. Potassium hydroxide
replacement for lye (sodium hydroxide) in tomato
peeling. Journal of Food Processing and Preservation
30: 15-19.

Emadi, B., Abbaspour-Fard, M. H. and Yarlagadda, P. K.
D. V. 2008, Mechanical peeling of pwnpkins. Pavt
1: Using an abrasive-cutter brush. Journal of Food
Engineering 89: 448-452,

Emadi, B.. Kosse, V. and Yarlagadda, P. K. D. V. 2007.
Abrasive peeling of pumpkin. Journal of Food

) Engineering 79: 647-656.

Flores, I D.and Chinnan, M. $. 1990, Diffusion phenomena
during chemical (NaOH) peeling of tomatoes. Journal
of TFood Science 55: 552-553.

Giarcia, E. and Barrett, D.M. 2006, Peelability and yield of
processing lotatoes by sieam or lye. Journal of Food
Processimg and Preservation 30; 3-14.

Garrote, R. L., Coutaz, V. R., Luna, J. A,, Silva, E. R. and
Bertone, R A 1993, Optimizing processing conditions
for chemical peeling of potatoes using response surface
methodology. Journal of Food Science 58: 821-826.

Garrowe, . L., Coutaz, V. R., Silva, E. R. and Bertone, R.
A, 1994, Delermining process conditions for chemical
pecling of asparagus.  Lebensmittel-Wissenschaft
und-Technologie 27: 19-22,

Garrote, R. L., Silva, E. R, Bertone, R, A. and Avalle, A.
1997. Eftect of time and number of cycles on yield and

. peeling quality of stean peeled potatoes and asparagus.
Lebensmirtel-Wissenschaft und-Technologie 30; 448-
451.

Garrote. R. L., Silva, E, R, and Berlone, R. A. 2000. ElTect
ol thermal treatment on steam peeled potaloes. Journal
of Food Engineering 45: 67-76.

Guldas, M. 2003. Peeling and the pliysical and chemical
properties of kiwi fruit. Journa! of Food Processing
and Preservation 27: 271-284.

Kaleoglu, M., Bayindirli, L. and Bayindirli, A. 2004, Lye
peching of “Totnbul® hazelnuts and effect of peeling
on quality. Food and Bioproducts Processing 82: 201-
2006.

Kaur, S., Sarkar, B. C, Sharma, H. K. and Singh, C. 2009.
Opumization of enzymatic hydrolysis pretreatment

1391

conditions for enhanced juice recovery from guava
fruit using response surface methodelogy. Food and
Bioprocess Technology 2: 96-100.

McArdle, R. N. and Culver, C. A. 1994, Enzyme inlusion:
A developing technology. Food Technology 11: 85-
89,

Pagan, A., Conde, 1, Ibarz, A. and Pagin, 3. 2010. Efflucnt
content from albedo degradation and kinetics at
different temperatures in the enzymatic pecling of
grapefinits, Food and Bioproducts Processing 88: 77-
82.

Pallottino, F., Menesatti, P., Costa, €., Pagha, G.,
De Salvador, F. R. and Loleti, D. 2010. lnage
analysis techniques for automated hazelnui peeling
determination. Food and Bioprocess Techuology 3:
155-159.

Prakash, 8., Singhal, R. S. and Kulkami, P. R. 2001.
Enzyniic peeling of Indian grapefruit (Cin us paradisi).
Journal of the Science of Food and Agriculture 81:
1440-1442,

Pretel, M. T., Botella, M. A., Amoro, A, Zapaia, P. 1.
and Serrano, M. 2007. Oplimizalion ol vacuum
infusion and incubation time for enzymatic peeling of
*Thomson’ and *Mollar’ oranges. LWT-Food Science
and Technology 40: 12-20.

Pretel, M. T., Lozano, P, Riquelme, F. and Romojaro,
F. 1997. Peciic enzymes in [resh fivil processing:
Optimization of enzymic peeling ol oranges. Process
Biochemistry 32: 4349,

Pretet, M. T, Amoros, A., Botella, M. A., Serrano, M.
and Romojaro, F. 2005. Study of albedo and carpelar
membrane degradation for [further application in
enzymatic peeling of citrus fruits. Joumnal of the
Science of Food and Agriculiure 83: 86-90.

Reimirez, C., Germain, J. C. and Apuilera, 1. M. 2009.
Image analysis of representalive food strucrures:
application of the bootsirap method. Jonmal of Food
Science 74: R65-R72.

Rouhana, A. and Mannheim, C. H. 1994, Optimization
of enzymaiic peeling of grapelruit. Lebensmiuel-
Wissenschaft und Technologie 27: 103-107.

Shefficld, J. B. 2007. Imagel, a nsetul ioo! for biological
image processing and analysis. Microscopy and
Microanalysis 13: 200-201,

Soffer, T. and Mannheim, C. H. 1994. Optimization
of enzymatic peeling of oranges and pomelo.
Lebensmittel-Wissenschaft und-Technologie 27: 245-
248,

Somsen, D., Capeile, A. and Tramper. J. 2004
Manufacluring of par-fried French-fries. Tan 2:
Modeling yield efficiency of peeling. Joumal of Food
Engincering 61: 199-207.

Srikaeo, K., Furst, J. E., Ashton, . F. and Hosken, R. W,
2006. Microstructural changes ol starch in cooked
wheat grains as affected by cooking temperatures und
times. LWT - Food Science and Technology 39: 528-
533.

Suutarinen, M., Mustranta, A., Autio, K., Salmenkalljo-
Marttila, M., Ahvenainen, R. and Bucherl, J. 2003,
The potential of enzymalic peeling of vegetlables.

International Food Research Journal 18(4): 1387-1392



