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4- Gas chromatography mass spectrometry
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Table No. 1 — Guava treatments

lnfec?ed WiFh densit‘y Dgphne odora Type treatment Row
Aspergillus niger essential oil (mg/100g)
Yes 0.4 Infected Guava S1 1
Yes 0.5 Infected Guava S2 2
Yes 0.6 Infected Guava S3 3

9 -Potato Dextrose Agar
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7 -Minimum Inhibitory Concentration

8 -Minimum Bacteriocidal Concentration
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No 0 Guava Withess To 6
Yes 0 Infected Guava T 7
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Table No. 2- Comparison of mold Log cfu/ml of guava infected with Aspergillus niger and

guava infected under Daphne odora essential oil treatment from day 1 to day 28

Day 28 Day 21 Day 14 Day 7 Day 1 treatment
4.62+0.001* | 451+0.011* | 422+0.013* | 3.75+£0.024* | 2.98 +0.019* S1
4.54+0.021% | 442+£0.041° | 4.15+£0.018" | 3.67+0.021° | 2.92+0.009° S2
4.25+0.023% | 4.15+0.021° | 3.95+0.005° | 3.48+0.018° | 2.82 +0.028" S3
3.52+£0.014° | 3.52+£0.033¢ | 3.23+0.043¢ | 2.85+0.038¢ | 2.01 £0.028¢ S4
3.58+0.019¢ | 3.48+0.05° | 3.18+0.006° | 2.7+0.024° | 2.05+0.026¢ S5
5.81+0.039 | 5.62+0.092 | 5.13+£0.012 | 4.65+0.035 4 +0.006 T,

Values with the same letters do not have a significant difference in Hurston (P>0.05)
The significance level is p<0.05
T1 guava infected with Aspergillus niger, S1 infected guava treated with Daphne odora essential oil with a
concentration of 0.4 mg/100 g, S2 infected guava treated with Daphne odora essential oil with a concentration of
0.5 mg/100 g, S3 Infected guava treated with Daphne odora essential oil with a concentration of 0.6 mg/100 g, S4
Infected guava treated with Daphne odora essential oil with a concentration of 0.7 mg/100 g, S5 Infected guava
treated with Daphne odora essential oil with a concentration 0.8 mg per 100 grams

The Log of Mold
6/00

5/00

a
b b

- - 4/00

c c
- - 2/00
- - 1/00
- - 0/00

S5 54 S3 S2 51 Tl

teratment

Graph No. 1 - Comparison of the average mold log cfu/ml of guava infected with Aspergillus niger
and guava infected with Daphne odora essential oil treatment from day 1 to day 28
The significance level is p<0.05

T1 guava infected with Aspergillus niger, S1 infected guava treated with Daphne odora essential oil with a
concentration of 0.4 mg/100 g, S2 infected guava treated with Daphne odora essential oil with a concentration of
0.5 mg/100 g, S3 Infected guava treated with Daphne odora essential oil with a concentration of 0.6 mg/100 g, S4
Infected guava treated with Daphne odora essential oil with a concentration of 0.7 mg/100 g, S5 Infected guava
treated with Daphne odora essential oil with a concentration 0.8 mg per 100 grams

©w
g
Log (cfu/g)

Photo number 1 - DG18 culture medium for guava infected with Aspergillus niger (A) and
guava treated with Daphne odora e nﬂt' 1 o1l (B)
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Table No. 3- Tissue comparison (Kg/cm3) of guava infected with Aspergillus niger and guava infected
with Daphne odora essential oil treatment from day 1 to day 28

Day 28 Day 21 Day 14 Day 7 Day 1 treatment
2.17+0.015¢ | 2.8+£0.235¢ | 3.26+0.115° 4+0.23° 476 £ 0.165* S1
2.35+0.19¢ 3+0.195¢ 3.18+£0.04° | 4.01 +£0.145° | 4.76 +0.165* S2
2.64+0.02¢ | 3.11+£0.145° | 3.55+0.04° 4.21+0.13* | 476 +0.165* S3
2.83 +£0.225° 331+0.2?2 3.87+£0.08° 4.28+0.14* | 476 +0.165* S4
2.84+0.12* | 3.67+0.225° 3.9 £0.06° 43+0.152 4.76 + 0.165° S5
0.51+0.04 0.98+0.1 1.38+0.03 243+£0.065 | 4.76+0.165 T1

The
significance level is p<0.05

Values with the same letters do not have a significant difference in Hurston (P>0.05). The tissue evaluation value on the first
day (4.76) was the same for all treatments (a). Values with the same letters for day 7 were S3, S4, and S5 (a) and S1 and S2
(b). For the fourteenth day, S1, S3, and S5 are equal to (b), and on the twenty-first day, S4 and S5 are equal to (a), and on the
twenty-eighth day, S1 and S3 are equal to (d).

T1 guava infected with Aspergillus niger, S1 infected guava treated with Daphne odora essential oil with a
concentration of 0.4 mg/100 g, S2 infected guava treated with Daphne odora essential oil with a concentration of
0.5 mg/100 g, S3 Infected guava treated with Daphne odora essential oil with a concentration of 0.6 mg/100 g, S4
Infected guava treated with Daphne odora essential oil with a concentration of 0.7 mg/100 g, S5 Infected guava
treated with Daphne odora essential oil with a concentration 0.8 mg per 100 grams

a a
I I
S5 S4

Histological Average

4/50
4/00
3/50
3/00
2/50 E
2/00 '@
1/50
1/00
0/50
0/00

b
S3 s2 S1 Tl
teratment

Chart No. 2 - Comparison of average texture (Kg/cm3) of guava infected with Aspergillus niger and
infected guava treated with Daphne odora essential oil from day 1 to day 28
T1 guava infected with Aspergillus niger, S1 infected guava treated with Daphne odora essential oil with a
concentration of 0.4 mg/100 g, S2 infected guava treated with Daphne odora essential oil with a concentration of
0.5 mg/100 g, S3 Infected guava treated with Daphne odora essential oil with a concentration of 0.6 mg/100 g, S4
Infected guava treated with Daphne odora essential oil with a concentration of 0.7 mg/100 g, S5 Infected guava
treated with Daphne odora essential oil with a concentration 0.8 mg per 100 grams

5a0 3 b sl adS E oyl Jsd 1518 pH G550 s

j))YAdjja)bL5)|J.€_<jJ;f_T)_§L;\a)bjobﬁi//\JJ&J}‘

W‘u‘}ddﬁls.bj)u)ww‘).)

:pH o=y

180



VErE g es YT 0)03 N o lad Ol g plde mlo 5 psle alows

Table No. 4- pH comparison of guava infected with Aspergillus niger and guava infected with
Daphne odora essential oil treatment from day 1 to day 28

Day 28 Day 21 Day 14 Day 7 Day 1 treatment

4£0° 42+0.2° 4.4+0.2° 4.6=0.12 4.8+0.12 S1
4+0.1° 42+0.1° 43+£0.1° 4.6+0.1* 4.8+0.1* S2
3.9+0.2¢ 42+0.2° 4.4 +0° 4.6+0.22 4.8+0.1* S3
4.1+0.1° 43+£0.22 45+£02% 4.6+£0.22 4.8+0.12 S4
42+0.12 43+0.1* 4.4+£0.2° 4.6+0.22 4.8+0.1* S5
3.6+0.1 3.7+£0.1 39+0.1 42+0.2 4.8+0.1 T1

The significance level is p>0.05

Values with the same letters in Hurston do not have significant differences (P>0.05). And the pH value on the
first day was the same for all treatments (4.8). The pH value for all Daphne odora essential oil treatments was 4.6
(a) on the seventh day. and on the fourteenth day S1, S3 and S5 equal to (b) and on the twenty-first day S4 and
S5 equal to (a) and S1, S2 and S3 treatment equal to (b) and on the twenty-eighth day S1 and S2 treatment It is
equal to (c).

T1 guava infected with Aspergillus niger, S1 infected guava treated with Daphne odora essential oil
with a concentration of 0.4 mg/100 g, S2 infected guava treated with Daphne odora essential oil with a
concentration of 0.5 mg/100 g, S3 Infected guava treated with Daphne odora essential oil with a
concentration of 0.6 mg/100 g, S4 Infected guava treated with Daphne odora essential oil with a
concentration of 0.7 mg/100 g, S5 Infected guava treated with Daphne odora essential oil with a
concentration 0.8 mg per 100 grams

Average pH

4/60
4/50
4/40
4/30
4/20
4/10
4/00
3/90
3/30
3/70

pH

treatment

Graph No. 3- Comparison of the average pH of guava infected with Aspergillus niger and
guava infected with Indian Daphne odora essential oil from the first day to the 28th day
The significance level is p>0.05

T1 guava infected with Aspergillus niger, S1 infected guava treated with Daphne odora essential oil with a
concentration of 0.4 mg/100 g, S2 infected guava treated with Daphne odora essential oil with a concentration of
0.5 mg/100 g, S3 Infected guava treated with Daphne odora essential oil with a concentration of 0.6 mg/100 g, S4
Infected guava treated with Daphne odora essential oil with a concentration of 0.7 mg/100 g, S5 Infected guava
treated with Daphne odora essential oil with a concentration 0.8 mg per 100 grams
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Table No. 5- Comparison of weight loss percentage of guava infected with Aspergillus niger
and infected guava treated with Daphne odora essential oil from the 7th day to the 28th day

Day 28 Day 21 Day 14 Day 7 treatment
27.24+047* | 24.75+0.01° | 15.90+0.09* | 11.12+0.28¢ S1
27.09£0.03% | 25.92+0.3 | 14.76+0.27° | 11.31£0.32° S2
26.94£0.28% | 23.77+0.25¢ | 14.09+£0.27¢ | 11.40£0.12° S3
25.10 £ 0.44¢ | 22.09+0.36° | 14.01£0.21° | 11.01 +0.43¢ S4
25.03+£0.17° | 22.13+0.44* | 13.95+0.12¢ | 10.26 + 0.46° S5
55.18 £0.34 355+0.11 27.31+£0.37 19+0.24 T1

The significance level is p<0.05

Values with the same letters in Hurston do not have significant differences (P>0.05). The values with the same
letters on the fourteenth day S3 and S4 are equal to (¢) and on the twenty-eighth day S1 and S2 are equal to (a)
and S1 and S2 are equal to (a) and S3 and S5 are equal to (b).

T1 guava infected with Aspergillus niger, S1 infected guava treated with Daphne odora essential oil with a
concentration of 0.4 mg/100 g, S2 infected guava treated with Daphne odora essential oil with a concentration of
0.5 mg/100 g, S3 Infected guava treated with Daphne odora essential oil with a concentration of 0.6 mg/100 g, S4
Infected guava treated with Daphne odora essential oil with a concentration of 0.7 mg/100 g, S5 Infected guava
treated with Daphne odora essential oil with a concentration 0.8 mg per 100 grams

Average Percentage of Weight Loss

- 50
- 45
40
35
30
25 =
20
15
10

S5 sS4 S3 S2 S1 T1
treatment

Chart No. 4 - Comparison of the average weight loss percentage of guava infected with
Aspergillus niger and guava infected with Daphne odora essential oil treatment from the first
day to the 28th day
The significance level is p<0.05
T1 guava infected with Aspergillus niger, S1 infected guava treated with Daphne odora essential oil with a
concentration of 0.4 mg/100 g, S2 infected guava treated with Daphne odora essential oil with a concentration of
0.5 mg/100 g, S3 Infected guava treated with Daphne odora essential oil with a concentration of 0.6 mg/100 g, S4
Infected guava treated with Daphne odora essential oil with a concentration of 0.7 mg/100 g, S5 Infected guava

treated with Daphne odora essential oil with a concentration 0.8 mg per 100 grams

bl les o ol 03 I 15168 @ by e DPPH luis :DPPH a5 —0-Y¥

Al 1S & bgpp op S 5 A Chle b gdn e 5158 sl Lo 53 DPPH 0ol s 1 el Jp 5o
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Table No. 6- Comparison of DPPH percentage of guava infected with Aspergillus niger and
guava infected with Daphne odora essential oil treatment

T1 S5 sS4 S3 S2 S1 treatment

46+0.2 54 +0.3% 55+0.1° 52+0.1¢ 53+0.1°¢ 52 +0.14 DPPHse%
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The significance level is p<0.05

Values with the same letters do not have a significant difference in Hurston (P>0.05).

T1 guava infected with Aspergillus niger, S1 infected guava treated with Daphne odora essential oil with a
concentration of 0.4 mg/100 g, S2 infected guava treated with Daphne odora essential oil with a concentration of
0.5 mg/100 g, S3 Infected guava treated with Daphne odora essential oil with a concentration of 0.6 mg/100 g, S4
Infected guava treated with Daphne odora essential oil with a concentration of 0.7 mg/100 g, S5 Infected guava
treated with Daphne odora essential oil with a concentration 0.8 mg per 100 grams

S5 84 S3 S2 S1 Tl
treatment

Chart No. 5 - Comparison of the average DPPH of guava infected with Aspergillus niger and guava infected
with Daphne odora essential oil treatment from the first day to the 28th day

The significance level is p<0.05

T1 guava infected with Aspergillus niger, S1 infected guava treated with Daphne odora essential oil with a
concentration of 0.4 mg/100 g, S2 infected guava treated with Daphne odora essential oil with a concentration of
0.5 mg/100 g, S3 Infected guava treated with Daphne odora essential oil with a concentration of 0.6 mg/100 g, S4
Infected guava treated with Daphne odora essential oil with a concentration of 0.7 mg/100 g, S5 Infected guava
treated with Daphne odora essential oil with a concentration 0.8 mg per 100 grams

Table No. 7- Analysis of variance of the effect of the log of mold on the treatment of infected
guava with Daphne odora essential oil

Test Source DF AdjSS AdjMS F-Value P-Value
Mold density 1  0.7453  0.74529  20.59* 0.020
Mold Error 3 0.1086  0.03620
Mold Total 4  0.8539
texture density 1 0.176890 0.176890 115.61%** 0.002
texture Error 3 0.004590 0.001530
texture Total 4 0.181480
pH density 1 0.004840 0.004840  7.72™ 0.069
pH Error 3 0.001880 0.000627
pH Total 4 0.006720
Percentage of Weight Loss  density 1  3.0058 3.00578  32.26* 0.011
Percentage of Weight Loss  Error 3 02795 0.09318
Percentage of Weight Loss  Total 4  3.2853
DPPH density 1 3.600 3.600 3.38m 0.164
DPPH Error 3 3.200 1.067
DPPH Total 4 6.800

The sign ** indicates a The difference is quite significant (p < 0.01).
The sign * indicates a significant difference (0.01<p < 0.05)
ns sign indicates non-significance (p>0.05)

1S Ky Sl s =T
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Table No. 8- Investigation of the color indicators of the infected red Guara under the
treatment of Daphne odora essential oil

DZS' L* a* b* | AE | Ah
537 | 375 [ 522 | o 0
7 38 | -17/4 | 35/7 | 304 | -9/62
14 | 376 | -15 | 353 | 324 | -1277
21 | 462 | -823 | 3653 | 341 | 2209
28 | 341 | -6/36 | 26/9 | 44/6 | -22/4

Table No. 9- Analysis of variance of the average effect of AE, Ah on the treatment of infected guava
treated with Daphne odora essential oil:

Test  Source DF  AdjSS AdjMS F-Value P-Value
AE Day 1 836.0 835.96  8.78"™ 0.059
AE Error 3 2855 95.16

AE Total 4 11214

Ah Day 1 333.79 33379  31.57* 0.011
Ah Error 3 31.72 10.57

Ah Total 4 365.51

The sign * indicates a significant difference (0.01<p < 0.05).

ns sign indicates non-significance (p>0.05)

Photo number 2- SEM of guava infected with Aspergillus niger (C) and infected guava treated

with Daphne odora

SEM MAG: 50.0 kx Det: InBeam
WD: 4.86 mm BI: 7.00
View field: 4.15 pm  Date(m/dly): 03/19/22
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Det: InBeam
BI: 7.00
View field: 4.15 pm  Date(m/dly): 03119/22

SEM MAG: 50.0 kx
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This study evaluated the effect of Daphne odora essential oil (Syzygium
aromaticum) on reducing Aspergillus niger colony counts in red-fleshed
guava fruits. The objective of the research was to investigate the
antimicrobial effects of Daphne odora essential oil at different concentrations
on guava fruits infected with Aspergillus niger. For this purpose, various
concentrations of Daphne odora essential oil (0.4, 0.5, 0.6, 0.7, and 0.8 mg
per 100 g of fruit) were injected into the guava fruits, which were then
inoculated with Aspergillus niger. The antimicrobial effects of Daphne odora
essential oil were assessed by measuring mold colony counts, pH, texture
firmness, weight loss percentage, moisture content, and color changes in the
fruits on days 1, 7, 14, 21, and 28 at a temperature of 15-18°C. The results
showed that Daphne odora essential oil significantly reduced the colony
counts of Aspergillus niger. The highest reduction in mold colonies was
observed at a concentration of 0.7 mg per 100 g of fruit, leading to a 2.29 log
reduction in microbial load. Furthermore, weight loss percentage and pH
changes were improved. Compared to untreated samples, those treated with
higher concentrations of Daphne odora essential oil showed a significant
reduction in weight loss percentage and tissue damage. The results of the
DPPH antioxidant assay also indicated high antioxidant activity of Daphne
odora essential oil. In conclusion, Daphne odora essential oil demonstrates
potential as an effective antimicrobial agent for reducing Aspergillus niger
contamination and improving the quality of red-fleshed guava. It could be
utilized for managing post-harvest fruit decay.
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