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Rapid Determination of the Main Organic Acid Composition of
Raw Japanese Apricot Fruit Juices Using Near-Infrared
Spectroscopy
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The potential of near-infrared (NIR) spectroscopy to rapidly determine citric and malic acid contents
of raw Japanese apricot (Japanese “ume”, also known as the Japanese plum) fruit juice was
investigated. In total, 314 raw juice samples with different organic acid compositions were collected
over a long growth period, and spectra (1100—1850 nm) of these samples were acquired using an
NIR spectrophotometer with a 1-mm path length. Calibrations were performed using a partial least-
squares regression method based on a calibration sample set (211 samples), while validations were
performed based on a validation sample set (103 samples). The results revealed good agreement
between NIR spectroscopy and capillary electrophoresis, including the correlation coefficient (r?),
standard error of prediction (SEP), and bias; no statistically (p = 0.05) significant differences were
found for these parameters. Moreover, standard deviation ratios of reference data in the validation
sample set to the SEP were higher than 3, indicating that NIR spectroscopy may represent an
acceptable method for quantitative evaluation of citric and malic acids in raw Japanese apricot fruit
juice.

KEYWORDS: Near-infrared spectroscopy; citric acid; malic acid; Japanese apricot fruit; Ume; juice; partial
least-squares regression

INTRODUCTION become a well-accepted method for the determination of food
&onstituents since it is fast, requires little or no sample
preparation, and does not cause any environmental chemistry
pollution. In the field of liquid agricultural materials, the NIR
method has been used for determining the fat, lactose, and

The Japanese apricot fruit (Ume, also known as the Japanes
“plum,”) is a special fruit that is mainly produced in East Asia
and contains large amounts of organic acids, mainly malic and

citric acids. Although Ume fruit is unsuitable for consumption

as a fresh food, consumption of its processed goods, such aspr(_)tein contents of raw '_“““Hl) as we_II as the oleic or fatty
Ume juice, Ume Sake (Japanese alcoholic beverage), andac'ﬂs. and tocoplherolh In vegitabl;af O'!$2(;143j' The.l\_IIR h
various pickled Ume products, has increased over recent yearstec nique was asfohs own t017e € %Ct;ve or. ete;mTéng the
since they have health benefits and a sour taste, which Asign3tgar contents o oneyL§—17) and fruit juice 18, 19). .
people enjoy. The taste and health benefits of the processe(fowever’ there_ ha\_/e been few ?‘F’p".ca“‘_’”s Of tl_1e_ NIR technique
goods are influenced by variations in the main ingredients of l\(zr the det%m'mgotn otf1 qrgamﬁ acids in fl;u't JU'CE%Q(glt)' fruit
Ume fruit, particularly the composition of the organic acids, . oreover, the echnique has never been applied 1o rul
which varies according to the harvesting season, cultivars, anglu'ces for smultaneou; determination of malic and citric acids.
production area. Therefore, determination of the organic acid F|n_ally, the NIR technique has not yet been applied to Ume

e o : . fruit.

composition of Ume fruit is very important for the production . .
proc?ess to provide good qualitz prc?ducts P In the present study, we applied the NIR technique to analyze

High-performance liquid chromatography (HPL@){3) and the main organic acid compositions of raw pme fruit juices.
capillary electrophoresig(-8) techniques are usually used for Specifically, the aim of our study was to |nves_t|gate the p_o;entlal
determination of organic acids in biomaterials, but these methodsOf the Nl_R technique as a means for_dgt(_armlnlng th_e _C|tr|c and
are time-consuming and cost-intensive. Therefore, there is amahc acid contents of raw Ume frqlt Juices containing very
demand for new and rapid analytical techniques for determining different compositions of organic acids.
the organic acid compositions of raw biomaterials in the
production field. Recently, near-infrared (NIR) spectroscopy has MATERIALS AND METHODS
Sample Preparation. The Ume fruits of three cultivars, namely,

* Corresponding author. E-mail: Jychen@akita-pu.ac.jp. Tel.: 81-18- Bungoume, Koshinoume, and Togoroume, were cultivated in Koto-
872-1587. Fax: 81-18-872-1676. nooka-machi, Akita Prefecture, Japan, in 2004. To obtain a wide range
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Table 1. Mean and Range of the Malic and Citric Acid Contents of Raw Ume Fruit Juices Sampled in the Growth Process

no. of malic acid (%) citric acid (%)
variety date (d-m-y) samples mean range mean range

Koshinoume 01-Jun-04 5 331 3.16-3.53 0.25 0.00-0.5
04-Jun-04 5 354 3.39-3.67 1.20 0.81-1.45
07-Jun-04 5 3.39 3.06-3.61 1.29 0.89-1.66
11-Jun-04 5 341 3.24-3.58 1.62 1.05-2.00
14-Jun-04 5 3.49 3.40-3.58 214 1.72-2.69
17-Jun-04 5 3.45 3.29-3.70 2.38 2.14-2.91
21-Jun-04 5 2.86 2.80-2.92 2.93 2.76-3.21
25-Jun-04 5 2.68 2.39-2.87 3.59 3.27-4.11
28-Jun-04 5 2.59 2.50-2.73 417 4.02-4.67
30-Jun-04 5 223 2.07-2.50 3.89 3.46-4.41
06-Jul-04 5 2.19 2.01-2.37 481 4.32-5.17
09-Jul-04 7 217 2.01-2.34 5.16 4.71-5.45
12-Jul-04 7 2.00 1.61-2.40 5.26 4.22-6.08
15-Jul-04 10 1.88 1.52-2.17 5.41 5.09-6.06
20-Jul-04 10 1.54 1.15-1.90 557 4.80-6.06
23-Jul-04 5 1.38 1.05-1.79 553 4.73-6.57

Togoroume 01-Jun-04 5 3.85 3.37-4.32 0.00 0.00-0.00
04-Jun-04 5 4.26 3.87-4.63 0.37 0.00-0.58
07-Jun-04 5 411 3.92-4.56 0.58 0.34-0.74
11-Jun-04 5 3.98 3.65-4.12 0.94 0.73-1.21
14-Jun-04 5 418 4,01-4.39 1.06 0.81-1.26
17-Jun-04 5 458 4.19-4.89 1.26 0.74-1.71
21-Jun-04 5 414 3.78-4.40 2.05 1.67-2.29
25-Jun-04 5 3.30 2.93-369 2.44 1.95-2.85
28-Jun-04 5 333 3.14-354 2.77 2.55-3.04
30-Jun-04 5 3.09 2.91-3.45 3.01 2.73-3.24
06-Jul-04 5 3.00 2.64-3.17 3.64 3.33-3.86
09-Jul-04 7 2.77 2.36-3.38 3.84 3.52-4.18
12-Jul-04 7 2.24 1.88-2.60 381 3.34-4.63
15-Jul-04 10 2.04 1.32-2.43 4.04 3.47-4.75
20-Jul-04 7 1.90 1.34-2.27 3.98 2.52-4.62
23-Jul-04 15 1.75 1.22-2.27 433 3.38-5.36
26-Jul-04 24 1.77 0.95-2.68 4.63 3.50-5.56

Bungoume 01-Jun-04 5 3.45 3.10-3.69 0.06 0.00-0.29
04-Jun-04 5 421 3.81-4.63 0.00 0.00-0.00
07-Jun-04 5 3.98 3.74-4.11 0.19 0.00-0.52
11-Jun-04 5 415 3.91-4.28 0.05 0.00-0.27
14-Jun-04 5 4,07 3.80-4.41 0.20 0.00-0.65
17-Jun-04 5 4.27 3.80-4.68 0.40 0.00-0.68
21-Jun-04 5 3.82 3.73-4.04 1.50 1.08-1.79
25-Jun-04 5 3.38 331-3.44 1.94 1.78-2.12
28-Jun-04 5 3.16 3.02-3.32 2.22 2.10-2.56
30-Jun-04 5 2.66 2.49-3.00 221 2.00-2.43
06-Jul-04 5 223 1.95-2.42 317 2.73-3.78
09-Jul-04 7 1.89 1.65-2.45 3.62 3.07-4.52
12-Jul-04 7 1.43 1.00-1.90 4.15 3.86-4.49
15-Jul-04 10 1.12 0.67-1.39 3.92 3.22-4.42
20-Jul-04 10 0.86 0.66-1.12 3.62 3.19-4.04
23-Jul-04 5 0.74 0.33-0.91 311 2.96-3.42

of organic acid compositions, the Ume fruits were sampled twice a The spectra were measured in the wavelength range from 1100 to 1850
week for approximately 2 months during the growth period, and atotal nm at 2-nm intervals and the absorbances were recorded on a linked
of 314 Ume fruits were collected. After harvesting, the flesh of the computer as log(1/T). The NIR spectrum of each sample was obtained
fruit samples was removed and the juice was squeezed out for use agyy taking the average of 32 scans. All operations were performed at
the study samples. As shownTable 1, the organic acid compositions  o,m temperature (26C). The second derivative spectra were obtained
of the Ume juice sr_;lmples showed_ a very V\."de range, and the juice by performing a mathematical treatment with a subtraction gap size of
samples were considered to be suitable for investigating the potentlalO and a smoothing segment size of 20 using the NIR spectral analysis

of the NIR technique as a means of determining the citric and malic .
acid contents of raw Ume fruit juices. software (NSAS) program installed on the spectrophotometer.

Reference Analyses.The organic acid (citric and malic acids) Statistical Analysis. The 314 raw Ume juice samples were separated

components of the Ume fruit juice samples were analyzed by capillary into two groups: 211 samples for calibration and 103 samples for
electrophoresis using a UV detector (CAPI-3300; Ootukadenshi, Japan).ajigation. The significant organic acid (citric and malic acids)
Separathns were performed in an uncogted fu;ed-S|I|ca capillary with components of the Ume fruit juice samples selected for the calibration
an effective length of 675 mm and an inner diameter ofufi An - . L
) - 7 L - and validation sample sets are showrTable 2. The calibration and

analytical migration liquid containing 20 mM quinolinic acid, 0.25 mM lidati | s sh d simil d standard deviati
HDTMA, and Tris (pH 6.0) was used. The raw Ume fruit juice samples  V&!ldation sample Sets showed similar means and standard deviations
were centrifuged at 1000 rpm for 10 min, diluted 1:1000 by the addition fOr the citric and malic acid contents. The Ume juice samples in the
of distilled water, and then passed through a Q#Bporosity filter. callbrgtlon set were used to establish the calibration models (multivariate

NIR Spectra. The transmittance (T) spectra of the Ume fruit juice  equations) between the spectral data and laboratory reference values,
samples were measured using a spectrophotometer (NIRSystems 6500xhile the Ume juice samples in the validation set were used to evaluate
Foss NIRSystems Inc., Silver Spring, MD) and a 1-mm quartz cuvette. the calibrations.
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Figure 1. Original spectra and second derivative spectra of oo and 5 samples and their difference spectra (5—a). o Raw Ume fruit juice sample
containing 3.44% malic acid and 1.72% citric acid. 8: Raw Ume fruit juice sample containing 2.00% malic acid and 6.06% citric acid.

Table 2. Mean, Range, and Standard Deviation (SD) of the Organic
Acid Contents of the Ume Fruit Juice Samples in the Calibration and
Validation Sample Sets

calibration (n = 211) validation (n = 103)

mean range SD mean range SD
citric acid (%) 3.03 0.00-6.57  1.75 2.99 0.00-6.06  1.72
malic acid (%) 2.65 0.33-4.89  1.08 2.60 0.65-4.64  1.04

The partial least-square (PLS) regression metl&@) (vas used to
develop calibrations for determining the organic acid compositions of
the raw Ume juice samples. The PLS calibrations were performed with
the Unscrambler software (Version 7.6; CAMO AS, Trondheim,

1100-1850 nm, and a broadband of water, the main component
of raw Ume fruit juice, due to the first overtone of—®
stretching was observed around 1450 nm. Since the water band
was very large, while the absorption peaks from other compo-
nents were relatively weak and overlapped each other, spectral
features based on the organic acid compositions could not easily
be observed, although the two sample juices had very different
organic acid compositions. Therefore, a difference spectoum (

p) (Figure 1B) was obtained to easily observe the spectral
differences due to the organic acid compositions. Variation was
observed in a wavelength range of 16aB00 nm as well as
around 1450 nm. The variation from 1600 to 1800 nm could
be associated with the-€H stretching first overtone and may

Norway), and both the spectral responses and respective reference datR€ related to the organic acid composition of the Ume fruit juice

were used to determine the latent variables (PLS factors) in the
calibration data set. The optimum number of factors for calibration-

minimizing overfitting was based on the standard error of cross

validation (SECV). The approach used was as follows: 90% of the

samples from the calibration set was used for calibration, while the

remaining 10% was used to calculate the standard error of prediction
(SEP). This operation was carried out 10 times, using a different group
for calibration and prediction each time. The SECV was calculated as
the square root of the average of the squares of the 10 SEP values
The final calibration equation was developed with all the samples in

the calibration set using the number of factors with the lowest SECV,

and the standard error of calibration (SEC) was calculated.

The validation set (which did not include any samples from the
calibration set) was used to check the performed calibration. The SEP
and the correlation coefficient of the reference values versus the NIR
values (?) were calculated.

RESULTS AND DISCUSSION

NIR Spectra. The original NIR spectra of two raw Ume fruit
juice samplesd andf) containing very different organic acid
compositions @: 1.72% citric acid and 3.44% malic acid;
6.06% citric acid and 2.00% malic acid) are showrFigure
1A. The two spectra were smooth in the wavelength region of

since citric and malic acids have-&1 bonds in their chemical
structures. These findings were confirmed by observing the
second derivative spectrdigure 1C) and their difference
spectrum (o.—p3) Figure 1D). The bands around 1450 nm
associated with the ©H stretching first overtone and the bands
at 1660, 1685, 1695, 1725, and 1780 nm associated with the
C—H stretching first overtone could be observed more clearly.
Taken together, these observations suggest that the NIR spectra
of raw Ume fruit juices can provide information about their
organic acid compositions, particularly in the wavelength range
of 1600—1800 nm.

Development of NIR Calibrations for the Citric and Malic
Acid Contents. PLS regressions were performed based on the
citric acid content or malic acid content and NIR second
derivative spectra (1100—1850 nm) for the calibration sample
sets.Figure 2 shows the values indicating the performance of
the calibration models, such as the SEC and SECV. As the
number of factors included in the calibration model increased,
the SEC decreased. Furthermore, the SECV decreased from an
initial value of about 1.34% to about 0.30% with 10 factors
and then either remained unchanged or increased very slowly.
Therefore, the PLS calibration model with 10 factors was
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Figure 3. Scatter plots of citric acid contents versus the predicted values
based on the calibration sample sets.

selected. The calibration results were represented graphically 40000
by plotting the reference citric acid contents versus the predicted 30000

Figure 5. Scatter plots of malic acid contents versus the predicted values
based on the calibration sample sets.

values based on the NIR second derivative spe€igufe 3). 2 20000
The plots showed a strong linearity. The obtained NIR calibra- .2
tion model showed a high degree of accuracy in predicting the & 10000
citric acid contents of raw Ume fruit juices, with &3 of 0.98 § 0
and an SEC of 0.27%. S -10000
Figure 4 shows the performance (SEC and SECV) of the
calibration model for the malic acid content. Similar to the case § -20000 ¢
for the citric acid content, as the number of factors included in §’ -30000 |

the calibration model increased, the SEC decreased, while the™ _40000 |
SECV decreased from an initial value of about 1.01% to about 1716
0.24% with 11 factors and then remained unchanged or 50000
) S 1100 1250 1400 1550 1700 1850
increased very slowly. Therefore, the PLS calibration model

with 11 factors was selected. The calibration results are shown Wavelength (nm)

in Figure 5. Similar to the results for the citric acid content, Figure 6. Regression coefficients in the PLS calibration model based on

the plots showed a strong linearity, as well as a high accuracy second derivative spectra (1100—-1850 nm) for the citric acid contents of

in predicting malic acid contents of raw Ume fruit juices, with  raw Ume fruit juices.

anR2 of 0.96 and an SEC of 0.21%.

Discussion of the NIR Calibration Models. Regression respectively. The regression coefficient spectra showed many
coefficients can be used to discuss the contributions of individual remarkable peaks, especially in the wavelength range of-1600
wavelengths to a PLS calibration model since a regression 1800 nm. However, before these peaks are examined for their
coefficient spectrum shows characteristic peaks and troughs thatontributions to the organic acid absorption, we should first
can indicate which wavelength range is important for the discuss the absorption of aqueous citric acid and malic acid
calibration model (2223). solutions.

Figures 6 and@ show the regression coefficients of the PLS Figure 8Ashows the second derivative spectra of aqueous
calibration models of the citric and malic acid contents, solutions of 16% citric acid or malic acid. Characteristic
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Figure 10. Scatter plots of malic acid contents versus the predicted values
based on the validation sample sets.

absorption peaks at wavelengths of 1678 and 1724 nm for citric
acid and malic acid were observed in comparison with the
second derivative spectrum of water. These findings were clearly
confirmed by observing the difference spectra based on water
(Figure 8B). However, differences between citric acid and malic
acid were difficult to observe. Therefore, difference spectra
based on the aqueous citric and malic acid solutidrigufe

8C) were obtained. As a result, remarkable peaks at 1676, 1720,
and 1784 nm were clearly observed for citric acid, while
remarkable peaks at 1656, 1694, 1750, and 1810 nm were
clearly observed for malic acid.

The remarkable peaks at 1678, 1716, and 1784 nm in the
regression coefficient spectrumhigure 6 could be correlated
to the absorption peaks of citric acid at 1676, 1720, and 1784
nm in Figure 8C, respectively, while the remarkable peaks at
1658, 1690, 1748, and 1810 nm in the regression coefficient
spectrum irFigure 7 could be correlated to the absorption peaks
of malic acid at 1656, 1694, 1750, and 1810 nnfrigure 8C,
respectively. Structural evaluations and infrared spectra sug-
gested that these bands were likely to be due-téi@bsorption
with the stretching first overtone. Taken together, these results
suggest that the PLS calibration models for the citric and malic
acid contents of raw Ume fruit juices were established based
on the absorptions of citric and malic acids.

NIR Validations. To test the validity of the calibration
models, other independent validation samples (not included in
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the calibration samples) were prepared as showhaible 2.
When the calibration models were used to predict the indepen-
dent validation samples, good validation results were obtained.
The validation results for the citric acid content are shown in
Figure 9. Anr2 of 0.98 and SEV of 0.27%, very similar to the
calibration results, were obtained under the condition of a very
small bias (close to 0.00%). As result of a t-test, the bias was
not thought to be significanp(< 0.05). As an index for judging

J. Agric. Food Chem., Vol. 54, No. 26, 2006 9657

(10) Chen, J.Y.; lyo, C.; Terada, F.; Kamano, S. Effect of multiplica-
tive scatter correction wavelength selection for near infrared
calibration to determine fat content in raw milk.Near Infrared
Spectrosc2002,10, 301—307.

(11) Woo, Y.; Terazawa, Y.; Chen, J. Y; lyo, C.; Terada, F.; Kamano,
S. Development of a new measurement unit (MilkSpec-1) for
rapid determination of fat, lactose, and protein in raw milk using
near-infrared transmittance spectroscojypl. Spectros2002
56 (5), 599—604.

the usefulness of the measurement accuracy of the calibration (12) mailer, R. Rapid evaluation of olive oil quality by NIR

model, the ratio of the standard deviation of the reference data
in the prediction sample set to the SEP (RPD) is usually utilized
(24). An RPD value of 2.53.0 is regarded as adequate for
rough screening, while a value above 3.0 is regarded as
satisfactory for screening. In our case, an RPD value of 6.4
was obtained for the predication of the citric acid content, and
the calibration model can therefore be considered to show
suitable accuracy for measuring the citric acid contents of raw
Ume fruit juices.

The validation results for the malic acid content are shown
in Figure 10. Anr2 of 0.96, SEV of 0.22% and RPD of 4.7
were obtained under the condition of a small bias of 0.02%,
which was not thought to be significamt € 0.05). These results
are very good, and the calibration model can therefore be
considered to show suitable accuracy for measuring the malic
acid contents of raw Ume fruit juices.
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