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Abstract
Turmeric (Curcuma longa) grown in Jamaica was studied for its naturally occurring linear diarylheptanoid 

compounds namely curcumin, Bis-Demethoxy Curcumin (BDMC), Demethoxy Curucmin (DMC) and for its antioxidant 
activity. Evaluations were conducted on the basis of whether or not there were any potential effects of blanching, 
harvest time and location of growth on the quantity and quality of turmeric oleoresins. The highest antioxidant activity 
of 92.86% was obtained from turmeric rhizomes grown in the parish of Hanover while the highest turmeric oleoresin 
yields of 14.87% were obtained from the 15 minute blanched-treated turmeric rhizomes. With a new analog-selective 
RP-HPLC method, the curcumin, DMC, and BDMC were qualified and quantified. It was found that the highest yield of 
curcumin content of 22.69% was obtained from the 15 minute ‘blanched’ samples grown in the parish of Hanover from 
the 1st harvest period of the study. An analytical method validation with linear equations and correlation of 
regressions of R2=0.9991, R2=0.9993, R2=0.9998 and R2=0.9992 for inter-day precision analyses were performed to 
validate the HPLC method. 
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Introduction
In the midst of several ‘consumer trends’, culinary spices find 

themselves at a juncture in the food industry as they transition from 
conventional spices to ‘nouveau healthy condiments’. Along with the 
bold flavour, ethnic flair and functional attributes, spices are healthy and 
natural, giving consumers an ‘all-in-one’ package deal. Culinary herbs 
and spices are enjoying this renaissance for the medicinal properties 
that they provide, as modern science proves the health promoting 
benefits that come from eating them [1]. 

Much of the focus about herbs and spices is in relation to their 
antioxidant content and how that relates to cancer prevention and 
their anti-inflammatory properties [2,3]. In the human body, metabolic 
reactions produce free radicals with unpaired electrons which make 
them reactive so they can interact with important cellular components 
such as DNA and cell membranes leading to cell damage, disease 
and ageing. Antioxidants stabilize these unpaired electron species 
by oxidative or reductive reactions and thus deter the propagation of 
damaging chemical chain reactions to take place within the important 
cellular matrix [4]. According to recent studies, it was found that 
‘salad dressings’ that contain herbs and spices increase the antioxidant 
capacity of the vegetable salad itself [1]. The American Institute for 
Cancer Research suggests that herbs and spices should be used for their 
health-protective phytochemicals to ward off cancer and other diseases 
[1].

The Jamaican spice industry is well-known and respected for its high 
quality [5]; it is also of paramount importance to the island’s economy 
[6]. Turmeric has been identified as one of the top ten commonly 
produced spices in Jamaica [7]. However, growing and processing 
of the Jamaican turmeric is done on an ‘ad hoc’ basis by individuals 
in the principal turmeric-growing parishes throughout the island 
of Jamaica [8]. The Ministry of Agriculture and Fisheries (MOAF) a 
government ministry of Jamaica has recommended a system for  the 

orderly conduct and development of the Jamaican spice industry which 
includes: production of planting material; quality control at the farm-
gate; dissemination of information to farmers about obtaining quality 
turmeric tubers; and the marketing, export and product promotion 
of the spice [9]. However, research to feed this improved system in 
Jamaica has been non-existent. This study was conceptualized out of 
the recognition that local Jamaican spice houses and Jamaican turmeric 
farmers will benefit from findings that will guide them to the best time 
to harvest and the best post-harvesting procedures to implement in 
order to acquire ‘premium-grade’ turmeric.

One step in the post-harvest processing of turmeric involves boiling 
or blanching the turmeric rhizomes [10]. Blanching (boiling in water 
for a set period of time) is carried out to facilitate the drying process of 
the rhizomes, to allow the starch granules to gelatinize and to inactivate 
enzymes [11,12]. The aim of this research was to evaluate a number of 
parameters that may impact the quality of turmeric during this post-
harvest step. The parameters evaluated included blanching time, the 
time of year of harvest and the location where the turmeric was grown. 
The results from this study will provide information on the optimum 
time to harvest turmeric and how to further improve the post-harvest 
processing of turmeric. This information is beneficial to buyers and 
sellers of turmeric as this spice is deemed as an economically important 
value added product with proven health and anti-aging benefits [13,14].
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Materials and Methods
Chemicals

Commercial curcumin standard was purchased from Sigma 
Aldrich (St. Louis, MO). Turmeric standards kit containing curcumin, 
demethoxy curcumin and bis-demethoxy curcumin was purchased 
from Chroma Dex, Irvine, CA. The 1,1-diphenyl-2-picrylhdrazl 
(DPPH) was procured from Sigma Aldrich, St. Louis, MO. The 95% 
ethanol was purchased from Pharmco-AAper (Shelbyville, KY). HPLC 
grade isopropanol, acetonitrile and methanol and Fisher brand 25 mm 
0.45 µm nylon syringe filters were purchased from Fisher Scientific (Fair 
Lawn, NJ). Whatman No. 1 filter paper was purchased from Whatman 
International Ltd. Maidstone, England.

Plant material

Turmeric was collected from two locations; the first location was 
from the traditional turmeric farming area in the western end of the 
island in the parish of Hanover (HAN) and the second from the eastern 
end of the island in the parish of St. Andrew (SA). There were a total 
of four harvesting periods: 1) February from both locations; 2) March 
from both locations; 3) the last week of April in Hanover and the first 
week of May in St. Andrew; and 4) June from both locations. Turmeric 
is a hardy, prolific crop that grows mostly wild in Jamaica all year round 
[9]. However when turmeric is cultivated in Jamaica, it is planted in 
September/October and harvested May/June of the following year, 
at full maturation in the 9th month of growth (as communicated by 
spice house, Betapac Ltd., Jamaica). Turmeric is reaped when the 
aerial leaves become ‘dried-up’ indicating readiness of ‘harvest’ for 
this spice. 

Blanching

The h arvested turmeric r hizomes w ere w ashed t o remove d ebris 
and dirt. They were divided into three portions whereby the fi rst 
portion was ‘not blanched’ and was assigned as the ‘control’ group. The 
other two portions were blanched by placing the turmeric rhizomes in 
pots of water so that all the rhizomes were submerged ensuring that no 
parts of the rhizomes were above the water level. The second portion 
of turmeric was boiled for 15 minutes and the third portion was boiled 
for 30 minutes. 

After b lanching, the turmeric r hizomes w ere sliced, steam d ried 
and milled in an industrial miller with a mesh size of 1/8

th of an inch. 
Due to insufficiency of turmeric rhizomes in the first harvesting period, 
there was no 30 minute-blanching batch from Hanover. Subsequent to 
harvesting in the 3rd harvesting period, certain batches became blighted 
as they appeared moistened with an off-odour during the post-harvest 
procedure. Due to the nature of the study as a ‘time-related’ study, it 
was not possible to remedy the unforeseen blighting once the study 

was under way. The blighted samples were kept, analysed and the data 
derived from them were used as a ‘case study’ so as to address the 
effects of ‘deleterious issues’ such as post-harvest blighting of turmeric 
rhizomes. Discussion and data for the blighted batches are assigned 
with an asterisk therein.

Classification of the samples

The turmeric samples were labelled according to location, harvesting 
period and blanch-treatment administered to the rhizomes. Hence the 
following codes: HAN1-0 represents samples from Hanover from the 
first harvest period with no blanching, HAN1-15 for those blanched for 
15 minutes and HAN1-30 for 30 minutes. Similar codes were given for 
the samples from St. Andrew (SA1-0, SA1-15 and SA1-30). Then those 
for the second harvest are HAN2-0, HAN2-15 and so on.

Extraction of turmeric oleoresins

Each harvested batch of turmeric that was dried and milled was 
subjected to the following extraction procedure. A 50 gram portion of 
the dried milled turmeric was weighed and 700 mL of 95% ethanol was 
added to it. The mixture was allowed to macerate for 5 hours. After 
extraction, the remaining solution was filtered by gravity under suction. 
The residue was re-extracted with ethanol for 2 hours. The remaining 
solution was filtered by gravity under suction. Both filtrates were pooled 
and concentrated in vacuo using a rotary evaporator with a water-bath 
set at 50°C. The amount of oleoresin obtained, was weighed and the 
yield was calculated as percentage weight by weight (% w/w).

HPLC analysis of turmeric oleoresin

0.5 mg/mL turmeric oleoresin solution was prepared in HPLC grade 
methanol. A concentration of 0.5 mg/mL of commercial curcumin 
powder was prepared in HPLC-grade methanol. A stock solution 
of Bis-Demethoxy Curcumin (BDMC) and Demethoxy Curcumin 
(DMC) was prepared in methanol to yield 0.5 mg/mL solution. All 
prepared solutions were filtered through a 0.45 µm nylon syringe filter.

The HPLC settings

A relatively medium-polar quaternary mobile phase was prepared 
with isopropanol, acetonitrile, distilled water and acetic acid in a 
3.0:1.5:5.0:0.5 v/v ratio. There was an injection volume of 20 µL, at a 
flow rate of 0.5 mL/minute, a run-time of 20 minutes, a wavelength 
setting at 420 nm, using an Agilent LiChrospher reversed phase RP 
C18 250 ×4 mm id column and an isocratic elution mode. Each sample 
preparation was injected in duplicates, separately onto the stationary 
phase column.

Preparation of a 4-point standard curve

A stock solution of 0.25 mg/mL curcumin standard was prepared 

Hanover Harvest 1 Harvest 2 Harvest 3 Harvest 4
HAN control 9.02 ± 0.10b 12.00 ± 0.00b *11.07 ± 0.07b 14.21 ± 0.46b

HAN-15 7.22 ± 1.01b 9.06a *8.83a 14.87a

HAN-30 N D 10.58 ±0.12c 9.03 ± 0.95c 12.22 ± 0.29b

St. Andrew Harvest 1 Harvest 2 Harvest 3 Harvest 4
SA-control 6.82a 9.62 ± 0.07c 8.20 ± 0.48c 14.59 ± 0.44b

SA-15 4.65a 8.26a 7.43 ± 0.07b 14.34 ± 0.27b

SA-30 6.78a 10.29 ± 0.12b *5.89 ± 0.02b 12.96 ± 0.60b

aMean values represent a single sample
bMean values represent duplicates
cMean values represent three replicates
* denotes the ‘blighted’ samples

Table 1: Mean percentage (%) turmeric oleoresin with standard error (±).
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in methanol. From this stock solution, serial dilutions were prepared 
to yield 0.125, 0.0625, 0.0312 and 0.0156 mg/mL concentrations. A 
4-point standard curve was generated by injecting each of the prepared
serial dilutions of commercial curcumin standard onto the column.
The linearity of the standard curve was assessed as correlation coefficient 
squared (R2) where R2>0.995 is considered to be linear, shown in Table 1.

An in vitro DPPH free radical-scavenging assay
The bioassay method described by Williams et al. was used as the 

antioxidant assay in this study [15]. A 50 µg/mL turmeric oleoresin 
solution was prepared in methanol. A blank was prepared by measuring 
2.2 mL of methanol. A 0.02% DPPH stock solution was prepared in 
methanol. Accurately 400 µL of the 0.02 % (w/v) 1, 1-diphenyl-1-
picrylhdrazl (DPPH) was removed and added to the 50 µg/mL oleoresin 
solution. This mixture was allowed to incubate for 20 minutes prior to 
determining the absorbance at 517 nm using a UV-vis spectrophotometer. 
From the 0.02% DPPH stock solution, 400 µL was removed and added 
to the methanol blank and was also allowed to be incubated along with 
the samples (above-mentioned) for 20 minutes prior to antioxidant 
activity measurements. Determination was conducted in duplicates.

DPPH is a stable free radical with a signature purple colour [14]. 
The turmeric oleoresins containing phenolic curcuminoids with radical 
scavenging activity reduced the 1, 1-diphenyl-2-picrylhdrazl (DPPH in 
the radical form) to the 2, 2-diphenyl-1-picrylhydrazine (the reduced 
DPPH form) which is colourless. The percentage antioxidant activity 
(% age AA) was determined by the following equation [15]. 

% Antioxidant activity calculation:

% 100control sample

control

Abs Abs
AA

Abs
−

= ×

Statistical analysis
There were three independent variables in the studies; 1) the 

harvest season, an attribute variable; 2) the location, an attribute 
variable and 3) the blanching treatments, which is an ‘active variable’. 
Both ‘attribute’ variables and the ‘active’ variable were evaluated on the 
basis of any potential effect they may have on the curcuminoid content, 
the oleoresin yields and the levels of antioxidant activities from the 
turmeric oleoresin. 

There were three dependent variables in the study: namely the 1) 
curcuminoid content, 2) oleoresin yields and 3) antioxidant activity.
These three dependent variables were assessed for whether or not they 
were affected by the independent variables: the time of harvest, location 
and blanching treatments. 

Analysis of variance (ANOVA) was used to compare the variables 
with a significant difference at a p-value<0.05. The ANOVA was 
confined to data with corresponding values. With the application of 
a scatter plot for data points, the HPLC calibration curves with linear 
trend-lines, R-squared (R2) values and line equations were generated. 

Microsoft (MS) excel was used to generate all of the statistical analyses 
for this study. Standard error was calculated for oleoresin yields, % 
antioxidant activity and for the % curcuminoids and the results were 
expressed as the ‘mean’ % ± S.E. (standard error).

Results 
Due to the relationship between curcuminoids and antioxidant 

activity and in order to accomplish the aim of the study, which is to 
assess the effects of blanching, harvesting and location on the quality 
and quantity of turmeric oleoresins, it was imperative to do the following 
tests: a gravimetric analysis to determine percent oleoresin yields; a 
HPLC analysis to determine curcuminoid content; and a bioassay to 
determine percent antioxidant activity of the turmeric oleoresins. The 
results from these analyses are discussed therein.

Oleoresin yields

In the parish of Hanover, the non-blanched rhizomes produced an 
increasing oleoresin yield over the period of study from 9.02% in the 
first harvesting period, 12.0% in the second and the highest yield of 
14.21% in the fourth harvesting period (Table 1). From the parish of St. 
Andrew, the oleoresin yields also increased from 4.65% to 14.59% from 
the first to fourth harvest, respectively. Of the four harvesting periods, 
the highest oleoresin yields were obtained from the 4th harvesting period 
(highest was 14.87% from the parish of Hanover and turmeric rhizomes 
blanched for 15 minutes) (Table 1). *It must be noted that the blighted 
turmeric samples had unexpectedly the same levels of oleoresin yields 
as all the corresponding samples.

Curcuminoid content

Figure 1 represents the HPLC chromatogram for the turmeric 
oleoresin. Curcuminoid content was expressed as ‘percent purity 
curcuminoid’. The order of retention times corresponding to each of 
the three curcuminoid derivatives was in accordance with the retention 
of the same derivatives observed from another HPLC method in the 
literature [16]. Curcumin was the main active of all three curcuminoids 
and its peak was the most abundant of the three derivatives, a finding 
that was in keeping with that reported in the literature [16]. It is notable 
that from all three curcuminoid derivatives, the highest quantity of 
curcumionoids occurred in the 1st harvest period with a noticeable 
decline in the other 3 ensuing harvest times (Table 2a, 2b and 2c).

The largest percent curcumin content of 22.96 ± 0.04% was obtained 
from HAN1-15 (the first harvesting period from Hanover blanched for 
15 minutes). The demethoxy curcumin (DMC) content reflected the 
same trend with the highest DMC content (17.63 ± 0.14%) obtained 
from the first harvest, grown in Hanover (Table 2b), however unlike 
the curcumin derivative, the control group (HAN1-0) had the highest 
DMC content. For the third derivative, bis-demethoxy curcumin 
(BDMC), there was also a similar trend with the highest levels (13.09 
± 0.04%) obtained from HAN1-15 (Table 2c). *It must be noted that 

HANOVER HARVEST 1 HARVEST 2 HARVEST 3 HARVEST 4
HAN CONTROL 20.47 ± 0.08 12.30 ± 0.00 *2.68 ± 0.01 11.32 ± 0.00

HAN-15 22.96 ± 0.04 11.36 ± 0.11 *7.30 ± 0.09 13.30 ± 0.02
HAN-30 N.D. 15.81 ± 0.16 12.14 ± 0.06 10.62 ± 0.00

ST. ANDREW HARVEST 1 HARVEST 2 HARVEST 3 HARVEST 4
SA-CONTROL 13.19± 0.00 12.86 ± 0.02 9.44 ± 0.12 11.35 ± 0.08

SA-15 17.41 ± 0.15 16.56 ± 0.01 11.96 ± 0.12 9.47 ± 0.08
SA-30 13.74 ± 0.05 15.65 ± 0.03 *5.09 ± 0.01 9.92 ± 0.10

*Denotes the ‘mean’ values representing the ‘blighted’ samples from the 3rd harvesting period.
Table 2a:  Mean percentage (%) curcumin content for four different harvested Curcuma longa rhizomes.

% CURCUMIN
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the blighted samples had very low curcumin, BDMC and DMC content 
with levels as low as 2.68 ± 0.01% for curcumin, suggesting the adverse 
effects of blighting on the ‘quality’ of the turmeric oleoresin (Table 2a).

Antioxidant activity 

The amount of antioxidant activity was expressed as percent 
antioxidant activity per gram extract. This bioassay uses the DPPH 
as the ‘model free radical’ which is scavenged by compounds such as 
the curcuminoids inherent in turmeric (Curcuma longa) rhizomes. 
As a result of the scavenging of electrons, there was a decrease in 
the absorbance of the DPPH solution which was quantified at an 
absorbance reading of 517 nm. The decrease in absorbance was inversely 
proportional to the antioxidant activity of the turmeric oleoresin (Table 
3). The highest antioxidant activity of 92.86% came from Hanover, in the 
first harvesting period from the control samples, HAN1-0 (Table 3). All 
the samples tested were considered to be of ‘high’ antioxidant activity 
as compared to other plant materials in the literature [15]. *It must be 
noted that the blighted samples also had relatively ‘high’ antioxidant 
activity, for example there was 79.47% from the 15 minute blanched 
sample; however the blighted samples were consistently less than that 
of the untainted samples (Table 3). The turmeric oleoresins from this 
research were able to scavenge the free radicals (DPPH solution) at a 
concentration of 50 µg/mL.

An overall look at the effects between the ‘observed’ and 
‘manipulated’ variables via ANOVA 

A One-Way Analysis of Variance (ANOVA) can test three or more 

“means” at a time by using variances [17]. ANOVA allows for the 
analysis of the interactive effects between variables and is ideal to test 
complex hypotheses [17]. The ANOVA was employed to give an ‘overall 
effect’ of the variables as it simultaneously compares the “means” in 
several groups as well as variances across groups [18](Table 4).

In this study the one-way analysis of variance (ANOVA) was used to 
evaluate the independent variables and their effects on the dependent, 
observed variables. The ‘harvest period’ had 4 levels (harvest 1, 2, 3, and 
4); while ‘location’ had 2 levels (HAN [Hanover] and SA [St Andrew]) 
while the ‘blanching treatments’ had 3 levels (0, 15 and 30 minutes 
treatment). ANOVA was confined to data with corresponding values.

Overall effects of ‘blanching’ on turmeric oleoresin yields, 
curcuminoid content and antioxidant activity via ANOVA

There were 9 sets of ANOVA analyses conducted in respect to 
the ‘effects of blanching’ on oleoresin yields, curcuminoid content 
and antioxidant activity of turmeric extract (Table 4). The first set 
of ANOVA involved the comparison between the control and the 
15 minute blanching treatments for the harvest periods of 1, 2 & 4 
in Hanover (HAN). No statistical significance was found in terms 
of oleoresin yields, curcuminoid content and antioxidant activity.
When the control and 30 minute-blanching treatment was compared, 
there was a significant difference for oleoresin yield and antioxidant 
activity. For the comparison between the 15 and 30 minute blanching 
treatments, there was a significance in the percent curcumin content, 
with the higher levels of curcumin obtained from the 30 minute 

Hanover Harvest 1 Harvest 2 Harvest 3 Harvest 4
HAN control 92.86 ± 1.79 90.53 ± 0.42 *76.91 ± 0.36 90.60 ± 0.17

HAN-15 90.50 ± 0.43 90.27 ± 0.91 *79.47 ± 4.96 92.58 ± 0.04
HAN-30 N D 92.55 ±0.34 90.72 ± 0.95c 91.31 ± 0.34

St. Andrew Harvest 1 Harvest 2 Harvest 3 Harvest 4
SA-control 88.69 ± 2.20 92.11 ± 0.13 88.16 ± 0.47 91.78 ± 0.13

SA-15 92.77 ± 0.16 92.80 ± 0.16 89.38 ± 1.10 90.32 ± 0.30
SA-30 90.34 ± 1.79 92.11 ± 1.32 *81.78 ± 1.19 91.68 ± 0.27

*Denotes the ‘mean’ values representing the ‘blighted’ samples from the 3rd harvest period.
Table 3: Mean percentage (%) antioxidant activity with standard error (±).

 % DMC

Table 2b: Mean percentage (%) demethoxy curcumin (DMC) content for four different harvested Curcuma longa rhizomes.

HANOVER HARVEST 1 HARVEST 2 HARVEST 3 HARVEST 4
HAN-CONTROL 17.63 ± 0.14 5.12 ± 0.01 *4.39 ± 0.01 5.06 ± 0.01

HAN-15 17.52 ± 0.07 4.89 ± 0.01 *4.78 ± 0.04 6.53 ± 0.01
HAN-30 N.D. 5.82 ± 0.01 7.02 ± 0.05 5.31 ± 0.01

ST. ANDREW HARVEST 1 HARVEST 2 HARVEST 3 HARVEST 4
SA-CONTROL 11.60± 0.02 4.63 ± 0.02 6.25 ± 0.08 5.05 ± 0.01

SA-15 15.82 ± 0.07 5.27 ± 0.00 6.15 ± 0.02 4.61 ± 0.06
SA-30 11.75 ± 0.04 5.33 ± 0.01 *3.25 ±0.01 4.56 ± 0.00

HANOVER  HARVEST1 HARVEST 2 HARVEST3 HARVEST4
HAN-CONTROL 12.41 ± 0.10 2.55 ± 0.00 *1.71 ± 0.01 3.40 ± 0.06

HAN-15 13.09 ± 0.04 2.45 ± 0.01 *2.99 ± 0.03 4.26 ± 0.03
HAN-30 N.D. 3.05 ± 0.00 4.88 ± 0.02 3.20 ± 0.08

ST. ANDREW HARVEST1 HARVEST 2 HARVEST3 HARVEST4
SA-CONTROL 9.71 ± 0.01 2.40 ± 0.00 4.60 ± 0.06 3.20 ± 0.12

SA-15 11.15 ± 0.04 2.98 ± 0.00 5.88 ± 0.01 3.27 ± 0.07
SA-30 8.86 ± 0.04 3.05 ± 0.01 *2.66 ± 0.01 3.12 ± 0.03

Table 2c: Mean percentage (%) Bis-demethoxy curcumin (BDMC) content for four different harvested Curcuma longa rhizomes.
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blanching treatment (Table 4).

Overall effect of ‘harvesting time’ on turmeric oleoresin 
yields, curcuminoid contents and antioxidant activities via 
ANOVA

Twelve sets of statistical ANOVA were conducted to assess the effects 
of harvesting periods on % oleoresin yields, % antioxidant activity levels, 
% curcumin, % BDMC and % DMC content (Table 4). The ANOVA 
analysis between the 2nd versus 4th harvest periods (incorporating all 
three blanching treatments) had a significant difference in ‘oleoresin 
yields’ and ‘BDMC content’ with the larger values occurring in the 4th 
harvesting period. In the case of the ‘curcumin content’ the 2nd harvest 
gave significantly higher yields.There was a significant difference 
between the harvesting periods except for antioxidant activity which 
only had one significant case of more antioxidant activity from the 2nd 
harvest (Table 4). 

Overall effect of ‘location’ on turmeric oleoresin yield, 
curcuminoid content and antioxidant activity via ANOVA

There were four cases of significant differences as it relates to effect 
of location on oleoresin, curcuminoid and antioxidant activity. This 
confirmed that there was a significantly higher oleoresin yields, % 

curcumin and %DMC content from the parish of Hanover than from 
the parish of St Andrew (Table 4).

Discussion
Findings for the effects of blanching, harvesting and location 
on the % oleoresin yields

The maximum oleoresin yield for the turmeric grown in Jamaica 
was 14.87%; this is comparably high as it relates to the yields of “6 to 
10%” from a similar solvent extraction procedure of turmeric powder 
recorded in the literature  [19]. Another literature review records 
oleoresin yields varying from as low as 4% to as high as 24.3% depending 
on the cultivar of turmeric tested [20].

To account for the effects of ‘blanching length of time’ on oleoresin 
yields, a similar study which evaluated the effects of blanching on the 
yields of turmeric oleoresins was identified for comparison purposes. 
The results from their studies showed that at 15, 20, 25 and 30 minutes 
there was 4.99, 4.98, 4.86 and 4.81% oleoresin yields respectively. Their 
yields were low and there was no apparent difference between them 
[21]. It is notable that the present study on turmeric grown in Jamaica 
had variations in oleoresin yields between blanching treatments (Table 
1) and some of these differences were significant (Table 4).

BLANCHING
Variables compared Factors incorporated % Oleoresins %Antioxidant % Curcumin % BDMC % DMC
Control vs. 15 min Hanover, Harvest 1, 2 & 4 NS NS NS NS NS

Control vs. 15 min St Andrew, Harvest 1, 2 & 4 NS NS NS NS NS

Control vs. 15 min HAN & SA, Harvest 1, 2 & 4 NS NS NS NS NS

Control vs. 30 min Hanover, Harvest  2 & 4 Control >30 min 30 min  >control NS NS NS

Control vs. 30 min St Andrew, Harvest  2 & 4 NS NS NS NS NS

Control vs. 30 min HAN & SA, Harvest  2 & 4 NS NS NS NS NS

15 min vs. 30 min Hanover, Harvest  2 & 4 NS NS 30 min >15 min NS NS

15 min vs. 30 min St Andrew, Harvest  2 & 4 NS NS NS NS NS

15 min vs. 30 min HAN & SA, Harvest  2 & 4 NS NS NS NS NS

HARVESTING
2nd vs. 4th harvest Hanover - 0, 15 & 30 4th>2nd NS NS 4th>2nd NS

2nd vs. 4th harvest St Andrew - 0, 15 & 30 4th>2nd NS 2nd>4th 4th>2nd NS

2nd vs. 4th harvest HAN & SA - 0, 15 & 30 4th>2nd NS 2nd>4th 4th>2nd NS

1st vs. 2nd harvest HAN & SA - 0 & 15 min 2nd>1st NS 1st>2nd 1stt>2nd 1st>2nd

1st vs. 4th harvest HAN & SA - 0 & 15 min 4th>1st NS 1st>4th 1st>4th 1st>4th

2nd vs. 4th harvest HAN & SA - 0 & 15 min 4th>2nd NS NS 4th>2nd NS

1st vs. 2nd harvest HAN - 0 & 15 min NS NS 1st>2nd 1st>2nd 1st>2nd

1st vs. 4th harvest HAN - 0 & 15 min 4th>1st NS 1st>4th 1st>4th 1st>4th

2nd vs. 4th harvest HAN - 0 & 15 min 4th>2nd NS NS 4th>2nd NS

1st vs. 2nd harvest SA - 0 & 15 min 2nd>1st NS NS 1st>2nd 1st>2nd

1st vs. 4th harvest SA - 0 & 15 min 4th>1st NS 1st>4th 1st>4th 1st>4th

2nd vs. 4th harvest SA - 0 & 15 min 4th>2nd 2nd>4th 2nd>4th 4th>2nd NS

LOCATION
HAN vs. SA 1st, 2nd & 4th harvest -  0 & 15 min NS NS NS NS NS

HAN vs. SA 2nd & 4th harvest -0, 15 & 30  min NS NS NS NS HAN>SA

HAN vs. SA 2nd harvest -0, 15 & 30  min HAN>SA NS NS NS NS

HAN vs. SA 4th harvest -0, 15 & 30  min NS NS HAN>SA NS HAN>SA

HAN vs. SA Control - 1st , 2nd, & 4th harvest NS NS NS NS NS

HAN vs. SA 15 min - 1st , 2nd, & 4th harvest NS NS NS NS NS

HAN vs. SA 30 min - 1st , 2nd, & 4th harvest NS NS NS NS NS

Table 4: ANOVA with p-value<0.05.
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There was progressive increase in the oleoresin yields with respect 
to the ‘time’ of harvest. This was evident in both locations, and this effect 
was significant (Table 4). An example of the increase was noticed in St 
Andrew where oleoresin yields of 4.65% from the 1st harvest climbed 
to 14.34% in the 4th harvest period, of the same 15 minute blanched 
treatment (Table 2).

Turmeric oleoresins contain endogenous pigments and essential 
oils [22]. According to Shiyou et al. [23], the essential oils of turmeric 
reach their maximum quantity at about 7.5 and 8 months of plant 
maturity and this could account  for the increase in the oleoresin yields 
(over time) as turmeric oleoresins are comprised of essential oils [23]. 
As such, it is postulated that the increase in the turmeric oleoresin 
yields is in relationship to the maturity of the turmeric plant.

The effect of location takes into account microclimatic differences 
in rainfall and temperature from one location to the other. Climatic 
changes have an effect on the production of plant chemicals even of the 
same plant variety and there can be varying amounts of phytochemicals 
when the plant is grown in different soils under different weather 
conditions [24]. The result from this research showed that there 
were significantly higher oleoresin yields obtained from the parish 
of Hanover for the first three harvesting periods of the study but the 
percent yields were similar in the 4th harvest period for both locations 
(Tables 1 and 4).

Findings for the effects of blanching, harvesting and location 
on the curcuminoids content

The 1st harvest period for this research took place in the month of 
February considered the 5th month of maturity for cultivated turmeric 
in Jamaica. There was a decrease of curcuminoid content between the 
5th and 9th month of the growing season for turmeric in Hanover and 
it took place in the 6th to 9th month in St. Andrew, (Tables 2a-2c).This 
phenomenon of decrease of curcuminoid content with respect to plant 
maturity is in keeping with another study in literature by Shiyou et 
al.[23] whereby there was an increase in curcumin quantity with the 
highest yields occurring at 5 ½ month of maturity after which there 
was a noticeable decline of the pigments towards full maturity at the 
9th month, mimicking the very same trend found in this study with the 
turmeric grown in Jamaica [23].

It has been suggested that curcuminoids reach their peak during a 
certain stage of plant maturation as a consequence of dynamic changes 
such as plant growth, rate of biosynthesis and the probable decrease in 
gene expression for these pigments due to loss of plant vigor over time. 
As such, production of these metabolites decline and they remain in situ. 
Knowledge of the precursors and biosynthetic pathways responsible for 
the formation of these secondary metabolites in the growth cycle of 
turmeric is not fully understood [25].

In the literature with respect to the effects of blanching on curcumin 
content, a study was conducted to evaluate the length of boiling time 
on the curcumin content from turmeric. The results from their studies 
showed that boiling turmeric at 15, 20, 25 and 30 minutes yielded 
curcumin contents of 4.23, 4.21, 3.91 and 2.29% respectively [21]. It 
must also be noted that there was a ‘difference’ between the 15 and 30 
minutes of boiling with almost 54% more curcumin content obtained 
from the 30 minutes of boiling in comparison to the 15 minute boiling 
treatment [21]. In the case of the turmeric grown in Jamaica, there was 
overall insignificant difference observed between the blanched samples 
(Table 4). However, there was one noticeable difference with the yields 
of curcuminoids from the parish of St. Andrew in the 1st harvest period 
between the 15 minute and the 30 minute blanched treated samples 

whereby the 15 minute blanched treatment gave yields of 17.41% while 
the 30 minute blanched treatment gave yields of 13.74%, (Table 2a); the 
same scenario was observed for the BDMC and the DMC (Table 2b and 
2c). Although small, this variation is consistent with the literature [21] 
and deserves attention and further study.

With respect to effect of location on curcuminoid content, the 
highest curcumin content from Hanover was 22.96% while the highest 
curcumin content from St Andrew was 17.41% (Table 2a). The highest 
curcumin, the highest BDMC and the highest DMC contents all came 
from Hanover suggesting that this location was more favourable for 
yielding higher quantities of these metabolites from the turmeric 
rhizome (Tables 2a-2c).

Findings for the effects of blanching, harvesting and location 
on the antioxidant activity of turmeric oleoresins

The highest antioxidant activity of 92.8% came from the parish 
of St. Andrew, which was not significantly higher than that obtained 
from Hanover (Table 3, 4). It was however considerably higher than 
a comparable study in literature, conducted using a similar DPPH 
free radical methodology to determine the antioxidant activity 
of cultivated turmeric with results of 78.8% for organically grown 
turmeric and 67.5% for conventionally grown turmeric respectively 
[26]. These levels of antioxidant activity, though considerably high, 
were lower than those obtained from this research on turmeric grown 
in Jamaica, *even the blighted ones (Table 3).

In the literature a similar blanching study was conducted on white 
saffron (Curcuma mangga) and the antioxidant activity obtained from the 
non-blanched white saffron in comparison to the 5 minutes blanched 
treated in 0.05% citric acid solution were different with a higher 
antioxidant activity obtained from the blanched treated samples [27]. 
The studies conducted on turmeric grown in Jamaica, showed minor 
differences; for example in the 1st harvest period in St. Andrew the 15 
minute blanched turmeric gave yields of 92.77% antioxidant activity 
while the 30 minute blanched treated turmeric gave yields of 90.34%, 
but there was no significant differences (Table 4).

It is said that the levels of antioxidant activity of medicinal plants 
is dependent on harvesting or rather on the seasonal variations and the 
time of the year that the plant is reaped [28]. However, this was not 
in accordance with the results on turmeric grown in Jamaica whereby 
there was no apparent effect of harvesting on the level of antioxidant 
activity (Table 4).

With respect to the effects of location on the antioxidant activity of 
medicinal plants, from the literature it is said that geographical regions 
of growth have some impact on the antioxidant activity of medicinal 
plants [28]. However, in the case of the research done on the turmeric 
grown in Jamaica there was no apparent effect of location on the level of 
antioxidant activity from the turmeric oleoresins (Table 4).

Inter-day Precision Analysis for HPLC validation

A linear curve analysis was generated to confirm the accuracy of 
the HPLC method. This improved HPLC method achieves excellent 

Test day Linear equation Correlation of regression (R2)
Day 1 y=702.03x – 44.52 R2= 0.9991
Day 2 y=76617x – 691.23 R2= 0.9993
Day 3 y=3076.2x + 827.45 R2=0.9998
Day 4 y=20391x + 57.36 R2=0.9992

Table 5: Calibration curves for the validation of the RP HPLC chromatograph 
method.
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*There was an outstanding decrease in the curcuminoid content
observed in the blighted turmeric samples in the 3rd harvest period 
(Tables 2a, 2b and 2c) and this occurrence is supported by research 
findings which have found that plant diseases such as ‘root rot’ 
suppress plant growth and plant quality [35]. The antioxidant activity 
of the turmeric oleoresin was also affected, with lower yields observed 
in the blighted samples (Table 3). Blighting is a cause of concern for 
tuberous spice rhizomes such as turmeric and ginger (both are from 
the Zingiberaceae plant family). A study was conducted to identify 
fungi and bacteria associated with the “postharvest rot” of ginger 
rhizomes (Zingiberofficinale Roscoe) in the Serrana region of Espírito 
Santo, Brazil. It was difficult to establish appropriate guidelines for the 
postharvest management of these ginger rhizomes in Brazil, due to the 
lack of information about the etiological agents associated with the rot 
[35]. The lack of information pertaining to the post-harvest pathology 
for turmeric requires further studies to curtail this problem. 

Summary 
Spices are often eaten daily and are one of the most promising and 

readily available sources of antioxidants. The findings in this research 
show that specific harvesting periods during the year produced the 
highest levels of curcumin, a compound recognized for its applications 
in the prevention of many degenerative diseases. 

To fully appreciate the importance of the antioxidant activity of 
turmeric as evidenced in this study, leading to its application in the 
prevention of many degenerative diseases, the following information 
is relevant. There are important metabolic redox reactions that harness 
electrons and protons. This cellular activity is vital because proton 
movement is the driving force that provides the majority of ready energy 
(ATP) for the cell as nutrients are broken down. Reduction involves the 
addition of negatively charged electrons and it is an endergonic reaction 
as it takes the compound to a higher energy state. Redox reactions are 
important in metabolism as they relate to energy carrier compounds, 
nicotinamide adenine dinucleotide (NAD+/NADH) and flavin adenine 
dinucleotide (FAD/FADH2). These two molecules are specialized 
hydrogen carriers as they transport hydrogens and their associated 
energy to specialized metabolic pathways that generate energy (ATP) via 
the use of O2 [40]. However during these metabolic reactions, reactive 
oxygen species or free radicals, such as superoxide anion are generated 
and these have detrimental effects on human health. Antioxidants can 
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Figure 2: A representative standard curve plot for curcumin standard marker.

separation with a steady, noise-free baseline and with minimum 
shouldering between the chromatographic peaks. The method is 
considerably ‘sensitive’ as it requires relatively low microgram quantities 
of the turmeric oleoresin and is detected at a relatively short run-time 
with all 3 compounds fully eluted at about 17 minutes with all three 
curcuminoid derivatives completely eluted (Figure 1). In comparison 
to another HPLC method in the literature, the sensitivity and run-time 
parameters are markedly improved with this method [16]. With the use 
of the newly developed reversed phase HPLC method, the curcumin, 
demethoxy-curcumin and the bis-demethoxy curcumin were 
qualitatively and quantitatively determined. The analytical method was 
validated with the application of inter-day precision with correlations 
of R2=0.9991, R2=0.9993, R2=0.9998 and R2= 0.9992 for days 1, 2, 3, 
and 4 respectively. Along with the R2 values, there was recovery 
data. For day one, there was an R2 value of 0.9991 with a 
corresponding recovery data of y=702.03x – 44.52, see table 5 for the 
other consecutive days. All the correlation of regressions had high R2 

values indicating statistical soundness of the HPLC method, (Table 
5). A representative standard curve for curcumin is shown in 
Figure 2. The inter-day precision method confirms the accuracy 
of the new optimized HPLC method as an ideal tool in the time 
analysis of endogenous pigments from turmeric oleoresins.

The matter of postharvest blighting
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inhibit or retard oxidation either by scavenging the free radicals that 
initiate oxidation or by breaking the oxidative chain reactions [41]. 
Free radicals are implicated in cell aging, cell damage, damaged tissue, 
chronic diseases and overall poor health [15]. Research has indicated 
that there is a superfluous amount of active oxygen radicals produced 
in the human body causing stress at the cellular level and consequently 
inflammation, aging and diseases [29]. Biochemical processes such 
as reduction of oxygen (via enzyme oxidases), phagocytosis, and the 
formation of “advanced glyco-oxidation end products” (also known 
as AGEs) are constant sources that generate these free radicals. 
Environmental pollutants also add to the intracellular formation of 
Reactive Oxygen Species (otherwise known as ROS). Furthermore there 
are reactive nitrogen species such as nitric oxide (NO) and peroxynitrate 
(.OONO2) which when combined overwhelms the body’s antioxidant 
defense system leading to a biochemical state called ‘oxidative stress’ 
[15]. There is growing evidence that acute overproduction of Reactive 
Oxygen Species (ROS) under pathophysiologic conditions is implicated 
in cardiovascular diseases [15]. A number of drugs termed ‘antioxidants’ 
such as β-blockers, inhibitors such as angiotensin-converting enzyme 
and calcium antagonists to name just a few have been administered 
to manage heart diseases [15]. There are another class of antioxidants 
namely the ‘spice antioxidants’ and these are important in the 
chemoprevention of lipid peroxidation, inflammation, cancer and 
the overall retardation of the aging process [29]. Curcumin, a spice 
antioxidant, has been confirmed as a complementary natural alternate 
medicine for cancer treatment [30].

Increase in consumer and food manufacturer interests in ‘natural 
alternates’ has led to an astronomical increase of 175% ‘natural 
alternatives’ between 1989 and 1990. During that time, the number of 
products that made claims to be ‘without additives or preservatives’ 
rose by 99% [31]. As a consequence, much emphasis has been given to 
the identification of natural antioxidants in food products. The research 
on natural antioxidants has developed enormously and there has been 
an enhanced public awareness of health issues too. Natural antioxidants 
have some advantages that their synthetic counterparts do not have. In 
the first place, natural antioxidants are more readily acceptable over the 
synthetic antioxidants; this is due to the fact that natural antioxidants 
are considered safe and many of them are identified on the Generally 
Recognized as Safe (GRAS) list. Turmeric is classified as a ‘CPG 
Sec. 525.750 spice’ on the GRAS list [32]. The rigorous criteria and 
procedures used to evaluate the “safety” of all substances on the GRAS 
list did not warrant genotoxicity analysis of the turmeric oleoresins 
in this study. This procedure includes many scientific studies on the 
genotoxicity of turmeric which have conclusively shown the safety of 
turmeric, curcumin and essential oil derivatives. Indeed, turmeric has 
been found to alleviate genotoxicity induced by other agents [42]. Also, 
a test for genotoxicity was not needed for this paper as it delves into the 
factors that may affect production of the curcumin in the plant and not 
on its effect in humans.

In the case of synthetic antioxidants there are concerns regarding 
the pathological effects of using them and this has prompted studies 
to find natural alternatives in the last few decades [33]. Butylated 
hydroxyanisole (BHA) and buytlated hydroxytoluene (BHT) are two 
well-known synthetic antioxidants used as food additives however they 
are restricted in some countries due to the possibility that they may 
have undesirable effects on the enzymes of human organs. Due to this 
controversy, there is growing interest in finding safe substitutes from 
natural resources such as edible plants, herbs and spices [33].

It is a ‘paradox’ that on the one hand ‘oxygen’ is needed to sustain 

life but on the other hand oxygen is the primary cause for oxidative 
stress in the human body and the degradation of foods. In order to 
address this issue there has been much focus on the involvement of 
free radicals responsible for aging and diseases [15]. Antioxidants are 
the defence system in vivo and the first line of defence to inhibit the 
formation of Reactive Oxygen Species (ROS) and free radicals which 
are implicated in many degenerative diseases such as cancer [34].

Conclusion
This study is the first analysis done on Jamaican turmeric and it 

has exposed their high quality. The maximum levels of curcuminoids 
occurred in the month of February and March, in Hanover and St. 
Andrew respectively. Maximum turmeric oleoresins occurred in the 
month of June in both locations. The overall anti-oxidant activity 
levels were high throughout the four harvesting periods, and in both 
locations, and are comparatively high in comparison to similar studies 
in literature [15]. These results warrant further more in-depth study 
with more samples and more locations to further analyze the factors 
that lead to high quality turmeric harvest. The high anti-oxidant activity 
for the turmeric extract should also lend leverage for the locally grown 
turmeric in Jamaica as an important spice with value-added benefits for 
its medicinal and health enhancing applications.

Recommendations
Despite the fact that there was minor impact of blanching on 

curcuminoid content, oleoresin yields and antioxidant activities 
(Table 4), information from the literature considers blanching a good 
post harvesting practice and an important preparative step hence it is 
recommended [36].

Curcumin is a ‘quality indicator’ as it is used to measure the colour 
value of turmeric as well as its antioxidant properties [37,38]. If the 
buyer of turmeric is interested in the ‘quality’ of turmeric oleoresin 
which is indicative of the abundance of curcumin content, then it is 
suggested that the turmeric rhizome be harvested about the 5th and 6th 
month of maturity when the curcuminoids were found to be at their 
maximum peak. However if the buyer of turmeric is more interested in 
‘quantity’ of turmeric oleoresin, then the turmeric rhizome should be 
reaped at full maturity in accordance to the research results from this 
study. The opportunity to harness the highest levels of curcumin from 
turmeric is important as it is a highly therapeutic secondary metabolite 
[39].
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