
Comment on Effect of Drying of Jujubes (Ziziphus jujuba Mill.) on the
Contents of Sugars, Organic Acids, α‑Tocopherol, β‑Carotene, and
Phenolic Compounds
Red dates (Ziziphus jujuba) are a very versatile fruit in that they
serve a multitude of purposes. Found throughout Europe and
southern Asia, jujubes have been utilized in nutrition, medicine,
and aroma therapy.1−3 The seeds have significant uses in the
medicinal field for their sedative, antihypoxia, and antihyperli-
pidemia activities.4,5 With regard to nutritional value, jujubes
have a large amount of vitamins, minerals, and phenols that
make them well-known as an antioxidant.1,2 The sugars present
also contribute greatly to the demand for and subsequent
production of jujubes.2,3 The concern is that these compounds
reduce in quantity immediately after the fruit is harvested,
resulting in spoilage after approximately 2 days.1

Drying is a common method utilized to preserve the fruits until
they reach the consumer. The primary goal of drying is to preserve
the fresh qualities or compounds present when harvested. Because
there are multiple methods of drying jujubes, the original authors
attempted to delineate the most effective means of preserving
multiple primary and secondary metabolites via sun-, microwave-,
freeze-, and oven-drying methods while utilizing fresh fruits as the
control.1 All compounds were measured by high-performance
liquid chromatography. Among the results, glucose concentrations
were highest utilizing the sun-drying technique. Oven-drying
increased the concentration of β-carotene compared to the fresh
fruit. In metabolites pivotal for antioxidant activity, microwave-
drying conserved the highest amount of individual phenols, but
freeze-drying conserved the highest amount of total phenolic
content (TPC). The final conclusion was that freeze-drying would
produce high-value jujube products but cost would limit
availability, and therefore microwave-drying would be the most
efficient means of jujube preservation.1

Whereas the original paper1 evaluated each method on the basis
of individual metabolites, comparison based on all metabolites
together as a whole was not made. Here, we analyzed their data
utilizing principal component analysis (PCA). Because PCA can
reduce the dimensionality of variables into a lower dimension, it
can analyze interrelationships of a multivariate data set more
efficiently.6−9 We applied PCA to extract a more definitive
depiction of the optimal method to dry jujubes.
In our PCA, we included all variables reported in the original

paper; these include the concentrations of 18 individual
metabolites and total phenolic compounds and antioxidant
capacity. The number of variables of the data was 20. When the
metabolite concentration was under the detection limit, we
used 0.01 as the value. The inclusion of the arbitrary number
may lower the precision of our analysis, but makes it more
comprehensive by including eight more variables otherwise not
considered. PCA of the data was conducted with Minitab (v. 15)
using the correlation matrix to standardize the variables.10 We
found that the 20 variables were successfully reduced to four
dimensions that cumulatively illustrated all of the data (Figure 1A).
This reduction indicates that there were significant correlative
behaviors of the metabolites due to the similar physicochemical
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Figure 1. (A) Scree plot of the PCA. The first four components retain
100% information of the original data. (B) PCA loadings plot of the 20
variables (1, p-hydroxybenzoic acid; 2, p-coumaric acid; 3, vanillic acid;
4, fructose; 5, glucose; 6, ferulic acid; 7, cinnamic acid; 8, rutin; 9,
protocatechuic acid; 10, epicatechin; 11, catechin; 12, sucrose; 13,
ABTS; 14, TPC; 15, malic acid; 16, β-carotene; 17, gallic acid; 18, α-
tocopherol; 19, succinic acid; 20, citric acid). (C) Two-dimensional
score plot of the four methods and the fresh fruit produced from PCA
with the correlation matrix. (D) Distance of each method (1, freeze-
drying; 2, microwave-drying; 3: oven-drying; 4, sun-drying) from the
fresh fruit coordinate in the score plot.
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properties (Figure 1B). To assess the similarity of fruits produced
by each method to the fresh fruit, the distance (D) between
each drying method relative to fresh fruit in the score plot space
(Figure 1C) was calculated using eq 1
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where xn
M and xn

Fare coordinates of a drying method and the
fresh fruit on the principal component n in the score plot. The
distance of each method to fresh fruit is shown in Figure 1D.
This figure clearly shows that microwave-drying is the closest to
fresh fruits.
In conclusion, by utilizing PCA we quantitatively identified

that jujubes processed by microwave-drying are the most
similar to the fresh fruit on the basis of a collective comparison.
This conclusion is consistent with that of the original paper. We
expect the algorithm introduced in this paper may be applied to
the evaluation of other food-processing methods.11,12
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