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Principal component analysis of carbon source
utilized by microorganism on the surface of
stored jujube fruit
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Abstract: Biolog is defined as the emitted electrons while the microorganisms utilize carbon source
combine with tetrazolium salt dyestuff, then take place color-reduction reaction which show the differ-
ence of carbon source utilization. The utilizations were analyzed with principal component analysis
(PCA). The main carbon source utilized by microbial on the jujube surface included carboxylic acids,
amino acids, phenolic compounds, amine and tween. The utilization of carbon source showed the
markedly increase with extend of the time the jujube stored. The utilization of carbon source from the
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microbial on the surface of the jujubes stored for 30 days was higher than that of 15 days. The utiliza-
tion of carbon source of the microorganisms on the jujube surface after treating with fresh agents was
low. Principal component analysis for 31 carbon source on the ECO microplate showed. Characteristic
value contribution of PC 1 was 78.54% and characteristic value contribution of PC 2 was 19.06%.

Keywords: Jujube, Storage period, Fruit surface, Carbon source utilizing, Principal component analysis
(PCA)
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Table 1 Quantity and composion of different fruit surface microorganism on jujube storage (x10%)

Experimental design Storing time (d) Total number Fungal quantity Bacterial quantity

Control 96.49+5.72 dD 9.69+0.44 ¢E 86.81+2.46 eD

Control 15 106.32+0.91 cC 11.20+0.66 dD 95.12+1.44 cC

30 149.17+2.61 bB 17.57£1.89 cC 131.6+1.02 bB

45 308.19+0.79 aA 27.91+0.10 aA 280.29+1.64 aA

Treatment 15 47.19+0.93 fF 6.25+0.27 fE 40.94+0.34 gF

30 69.36+0.29 eE 11.14+0.30 dD 58.22+0.60 fE

45 110.48+1.69 cC 21.66+1.03 bB 88.82+0.19 dE

: Control ; Treatment ; 3 + ;

,P=0.01 a=0.01.

Note: Control: The jujubes were not used by fruit preservatives; Treatment: The jujubes were used by fruit preservatives; Numbers of table
were average of 3 times experiments; The numbers of same column were variance analysis. P=0.01 or 0=0.01.
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Table 2 The floristic composition of Fungi in Ningxia jujube surface on storage

Rate of Fungial colony detection (%)

e Alternaria Mucor Penicillium Aspergillus Trichoderma Fusarium
Control 54.59 1.66 8.68 2.30 6.47 17.42
Control 15 40.48 0.50 2.66 0.50 40.00 1.00
30 14.83 0.00 44.51 14.29 0.30 7.69
45 31.22 1.70 19.35 10.03 16.74 4.24
Treatment 15 26.35 6.45 12.91 0.00 0.00 0.00
30 10.05 0.00 31.37 8.34 27.21 0.00
45 31.22 1.70 19.35 10.03 16.74 4.24
1.
Note: The same as table 1.
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*3 AARREEERXFRXNRKESHERIRF BB

Metabolizing figure of carbohydrate compounds utilized by fungal on the jujube surface in storage

Time (h)

Test treatment 24 48 72 96 120 144
Control | 0.01£0.00 cC 0.05+0.00 cC 0.09+0.00 cC 0.16+0.04 cC 0.29+0.03 bBC 0.32+0.03 dBC
Treatment [ 0.02+0.00 cC 0.02+0.00 cC 0.04+0.00 dC 0.05+0.02 dC 0.06+0.01 cC 0.07+0.01 cC
Control II 0.34+0.00 aA 0.38+0.00 aA 0.48+0.00 aA 0.60+£0.08 aA 0.77£0.19 aA 0.92+0.02 aA
Treatment I 0.22+0.02 bB 0.28+0.04 bB 0.32+0.00 bB 0.34+0.04 bB 0.44+0.04 bB 0.53+0.18 bB

: Treatment [ : 15d ; Control I : 15d ; Treatment II :

30 d ; Control II: 30 d . 3 +

,P=0.01 0=0.01.
Note: Treatment [ : The jujubes had been used by preservatives before storing and at stored 15 d; Control [ : The jujubes had not been used
by preservative before storing and at stored 15 d; Treatment Il : The jujubes had been used by fruit preservatives, before storing and at stored
30 d; Control II: The jujubes had not been used by preservatives before storing and at stored 30 d. Numbers of table were average of 3 times
experiments. The numbers of same column were variance analysis. P=0.01 or a=0.01.

x4 AARREEE X RN BEZEMIR AR R A5

Table 4 Metabolizing figure of esters utilized by fungal on the jujube surface in storage

Time (h)

Test freatment 24 48 72 96 120 144
Control | 0.01:£0.00 cC 0.01£0.01 cC 0.03+0.01 ¢C 0.120.02 cC 0.14+0.02 cB 0.14+0.02 cB
Treatment | 0.01£0.00 cC 0.010.00 cC 0.010.00 dD 0.00+0.00 dD 0.01£0.00 dC 0.01£0.00 dC
Control II 0.16+0.04 aA 0.16+0.01 aA 0.17+0.01 aA 0.18+0.00 aA 0.18£0.01 aA 0.18+0.01 aA
Treatment II 0.30+0.00 bB 0.73+0.01 bB 0.80+0.01 bB 0.83+0:02 bB 0.83+0.02 bB 0.83+0.03 bB

3.
Note: The same as table 3.

®5 ARREDEERXRNREER LR HAH

Table 5 Metabolizing figure of amino acids utilized by fungal on the jujube surface in storage

Time (h)

Test treatment 24 48 72 96 120 144
Control [ 0.01+0.00 cC 0.02+0.00 cC 0.20+0.01 ¢cC 0.31+£0.04 cB 0.46+0.02 cC 0.49+0.06 cC
Treatment [ 0.01+0.00 cC 0.01+0.00 dD 0.01+0.00 dC 0.01+0.01 bB 0.09+0.02 bB 0.10+0.02 bB
Control II 0.41+0.02 Aa 0.89+0.01 aA 1.06+£0.04 aA 1.19+0.19 aA 1.06+0.04 aA 0.86+0.07 aA
Treatment I 0.33+0.02 bB 0.64+0.00 bB 0.91+0.01 bB 1.03+0.03 aA 1.01£0.02 aA 0.58+0.12 aA

3.
Note: The same as table 3.
30d 7
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Table 6 Metabolizing figure of amine utilized by fungal on the jujube surface in storage
Time (h)

Test treatment 24 48 72 96 120 144
Control [ 0.04+0.01 cC 0.06+0.01 cC 0.17+0.03 cC 0.24+0.03 cC 0.28+0.01 bB 0.27+£0.02 cC
Treatment [ 0.01+0.00 cC 0.01£0.00 cC 0.01+0.01 dD 0.01+0.01 dD 0.01£0.01 cC 0.02+0.00 cC
Control II 0.48+0.00 aA 0.74+0.01 aA 0.74+0.02 aA 0.74+0.02 aA 0.60+0.08 aA 0.47+0.03 aA
Treatment I 0.16+0.02 bB 0.14+0.01 bB 0.25+0.03 bB 0.32+0.02 bB 0.33+0.07 bB 0.39+0.02 bB

3.

Note: The same as table 3.

x7 AXRREMNE X R RERERIR R B AR
Table 7 Metabolizing figure of carboxylic acids utilized by bacteria on the jujube surface in storage
Time (h)

Test treatment 24 48 72 96 120 144
Control [ 0.01+0.01 bB 0.08+0.07 bB 0.22+0.12 cC 0.20+0.14 cB 0.21+0.14 bB 0.22+0.14 bB
Treatment [ 0.02+0.01 bB 0.03+0.04 bB 0.04+0.07 cC 0.06+0.10 cB 0.06+£0.09 bB 0.06+0.09 bB
Control II 0.60+0.25 aA 0.86+0.24 aA 1.32+0.11 aA 1.3340.02 aA 1.36+0.09 aA 1.37+0.09 aA
Treatment I 0.44+0.19 aA 0.62+0.26 aA 0.77+0.30 bB 1.00+0.25 aA 1.08+0.31 aA 1.12+0.60 aA

3.
Note: The same as table 3.

F 8 AEREME X F LR w5 iR rFI A 5
Table 8 Metabolizing figure of the Tween utilized by bacteria on the jujube surface in storage
Time (h)

Test treatment 24 48 72 96 120 144
Control 1 0.01£0.01 bA 0.01+0.01 cC 0.02+0.01 cB 0.034+0.01 cC 0.04+0.01 bB 0.04+0.01 bB
Treatment | 0.02+0.02 bA 0.02+0.01 cC 0.01+0.01 cB 0.01£0.01 cC 0.02+0.01 bB 0.02+0.01 bB
Control II 0.37+0.11 aA 0.64+0.11 aA 1.22+0.39 aA 1.07+£0.28 aA 1.20+0.38 aA 1.04+0.30 aA
Treatment I 0.16+£0.26 abA 0.39+0.12 bA 0.58+0.13 bAB 0.59+0.07 bB 1.11£0.20 aA 1.434+0.63 aA

3.

Note: The same as table 3.
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Table 9 Metabolizing figure of carbohydrate compounds utilized by bacteria on the jujube surface in storage
Time (h)

Test treatment 24 48 72 96 120 144
Control [ 0.17+0.02 abA 0.46+0.07 abA 0.53+0.10 beB 0.53+0.09 bBC 0.54+0.09 cC 0.55+0.09 cBC
Treatment [ 0.01£0.01 bA 0.01£0.01 bA 0.01+0.01 cB 0.01+0.01 cC 0.01+£0.01 dD 0.01+0.01 dC
Control II 0.68+0.51 bA 0.95+0.51 aA 1.76+0.11 aA 1.74+0.08 aA 1.84+0.08 aA 1.80+0.10 aA
Treatment I 0.55+0.42 abA 0.70+0.51 abA 0.82+0.56 bB 0.83+0.40 bB 1.02+0.5 bB 1.05+£0.30 bB

3.

Note: The same as table 3.

* 10 TFEREMERXFRITEE U S LR F AR5

Table 10 Metabolizing figure of phenolic compounds utilized by bacteria on the jujube surface in storage
Time (h)
Test treatment 24 48 72 96 120 144
Control [ 0.01+0.01 aA 0.02+0.01 aA 0.02+0.01 aA 0.01+0.01 aA 0.01+0.01 aA 0.01+0.01 aA
Treatment [ 0.01+0.01 aA 0.01+0.01 aA 0.01+0.01 aA 0.03+0.03 aA 0.01+0.01 aA 0.01+0.0 aA
Control II 0.24+0.34 aA 0.50+0.35 aA 0.58+0.11 aA 0.47£0.01 abA 0.58+0.03 abA 0.30+0.03 abA
Treatment I 0.16+0.26 aA 0.26+0.34 aA 0.36+0.40 aA 0.76+0.48 aA 0.79+0.61 aA 0.76+0.63 aA

3.
Note: The same as table 3.

F 11 OXREEMAERX RIS YRR A
Table 11 Metabolizing figure of amine utilized by bacteria on the jujube surface in storage
Time (h)
Test treatment 24 48 72 96 120 144
Control [ 0.01+£0.01 bA 0.02+0.01 bA 0.01£0.01 aA 0.04+0.01 aA 0.05+£0.01 aA 0.05+0.01 aA
Treatment [ 0.01+£0.01 bA 0.02+0.02 bA 0.01+0.01 aA 0.01+£0.01 aA 0.04+0.04 aA 0.04+0.44 aA
Control II 0.37£0.25 aA 0.49+0.38 aA 0.30+0.11 aA 0.36+0.13 aA 0.41+£0.07 aA 0.40+0.07 aA
Treatment I 0.194£0.30 abA 0.24+0.39 abA 0.27£0.38 aA 0.26+0.37 aA 0.25+0.34 aA 0.24+0.34 aA

3.

Note: The same as table 3.

F12 AFREEEXANSIERENSYERIRF BRI

Table 12 Metabolizing figure of amino acids utilized by bacteria on the jujube surface in storage

Time (h)

Test treatment 24 48 72 96 120 144
Control 1 0.01+0.01 aA 0.02+0.01 aA 0.03+0.01 cB 0.06+0.01 cB 0.03+0.03 bB 0.04+0.03 bB
Treatment | 0.01+0.01 aA 0.01£0.01 aA 0.01=0.01 cB 0.01+0.01 cB 0.01+0.01 bB 0.02+0.01 bB
Control 1 0.44+0.57 aA 0.70£0.57 aA 1.45%0.12 aA 1.54+0.03 aA 1.57+0.03 aA 1.54+0.08 aA
Treatment II 0.39+0.36 aA 0.46+0.58 aA 0.72£0.53 bAB  0.94+0.45 bA 1.20£0.37 aA 1.12+0.88 aAB

3.

Note: The same as table 3.
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