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Abstract: [Objective] In order to provide guidance for industrial production, this study investigated
the diversity and correlation of metabolites among Rhizopus arrhizus strains in different ecological
habitats, in different geographical locations, with different sporulation capacities, and of different
taxonomic varieties. [Methods] Sixty-eight representative strains of R. arrhizus were inoculated in
glutinous rice media for liquid fermentation, and the yields of secondary metabolites were determined
by high-performance liquid chromatography. Pearson correlation coefficients between fermentation
products were calculated. The correlation between strains and fermentation characteristics was assessed
by multivariate analysis of variance and principal component analysis. [Results] A total of seven
fermentation products were detected, including glucose (average yield in percentage: 70.96%), ethanol
(17.87%), lactic acid (6.63%), maltose (1.80%), malic acid (1.46%), fumaric acid (0.92%), and glycerin
(0.36%). Maltose was metabolized independently, while the other six were divided into two groups with
a negative inter-group correlation. The first group contained glucose, lactic acid, and glycerol, which
were positively correlated with each other. The second group included ethanol, malic acid, and fumaric
acid, also showing positive correlations. Fermentation characteristics were significantly correlated with
sporulation capacities and taxonomic varieties, while slightly with ecological habitats and geographical
locations. The strains not producing spores in synthetic mucor liquid medium had significantly stronger
fermentation ability of than the SM spore-producing strains. In particular, strain XY01957 had the
potential for industrial production since it could produce glucose at a yield as much as 138.30 g/L. The
varieties arrhizus and tonkinensis had lower content of fumaric acid and malic acid while higher
content of lactic acid and glycerin, whereas delemar was obviously opposite to the two varieties above
with respect to all these components. [Conclusion] This study demonstrated high correlations among

fermentation metabolites, sporulation capacities, and taxonomic varieties of R. arrhizus, laying a sound

P4 actamicro@im.ac.cn, 7 010-64807516



XIBEFASE | A W25, 2022, 62(3)

1133

foundation for population genetic research. Some high-quality strains were screened out, providing

solid support for the fermentation industry.

Keywords: Rhizopus oryzae; Rhizopus delemar; Amylomyces rouxii; lactic acid; fumaric acid
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Table 1  Original information of involved strains of Rhizopus arrhizus

Strains Ecologies Continents Countries Initial sources
XY00012 Wild Europe Germany Rotten pod of Liliaceae
XY00077 Clinical Asia China Skin scabs
XY00406 Domesticated Asia Japan Koji

XY00409 wild Asia Japan Soil

XY00419 Wwild Asia Japan Ragi

XY00424 Domesticated Asia Japan Koji

XY00438 Domesticated Asia China Chinese yeast
XY00457 Wild Europe Portugal Corn flour
XY00495 Domesticated Asia India Distillery yeast
XY 00507 Domesticated Asia China Chinese yeast
XYO01735 Wild Asia China Soil

XYO01736 Wild Asia China Flour

XYO01737 Wild Asia China Flower
XYO01738 Wild Asia China Cake

XYO01745 Wild Asia China Air

XYO01857 Wild Asia China Flower
XY01864 Wild Asia China Flower
XY01865 Wild Asia China Sweet wrapping
XYO01874 Wild Asia China Grass

XY01875 Wild Asia China Wrapping paper
XY01876 Wwild Asia China Soil

XY01880 Wwild Asia China Soil

XY01919 Wild Asia China Plant

XY01920 Clinical Asia China Lesion
XY01921 Clinical Asia China Eye socket
XY01957 Domesticated Asia China Distillery yeast
XY02053 Wild Asia China Sweet wrapping
XY02064 Wwild Asia China Soil

XY02120 Wild Asia China Shell

XY02128 Wwild Asia China Dung

XY03778 Domesticated Africa Tanzania Vigna unguiculata
XY03779 Wild Europe UK Lake mud
XY03782 Wild Asia Indonesia Ragi

XY03786 Wild Europe Cyprus Vicia faba seedling
XY03787 Wild Africa Egypt Allium
XY03788 Wild Asia India Gossypium
XY03789 Wild Asia Malaysia Honey dew
XY03790 Wild Asia Yemen Gossypium root
XY03792 Domesticated Asia Malaysia Soy sauce
XY03793 Wild Asia Malaysia Pinus caribaea
(#5450
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XY03794 Wwild Asia

XY03795 Wwild Africa
XY03796 Wwild Asia

XY03797 Wild Oceania
XY03798 Wwild South America
XY 03799 Wild Europe
XY03800 Wild Asia

XY 03802 Wwild Asia

XY03803 Wild Asia

XY03804 Wwild Africa
XY03805 Domesticated Asia

XY03806 Clinical North America
XY03808 Wild North America
XY03809 Wild Asia

XYO03810 Clinical North America
XY03813 Wild North America
XY03815 Wwild Africa
XY03816 Wwild Asia

XY03819 Wwild Asia

XY03820 Wwild Asia

XY03821 Wwild Asia

XY03822 Wwild Africa
XY03824 Wwild Asia

XY03825 Wwild Asia

XY03826 Wwild Asia

XY03827 Wwild Asia

XY03829 Wwild Asia

XY03830 Wild Asia

1135
ET3))
India Cotton lint
Egypt Arachis hypogaea
Jordan Allium
Papua New Guinea Radio set

Venezuela Carica papaya fruit
UK Mouldy bran
Philippines Soil
Philippines Soil
Philippines Soil

Sudan Dung
Indonesia Ragi-tempe
USA Clinical
USA Sweet potato
Pakistan Dung

USA Clinical
USA Soil

Uganda Peanuts
Philippines Soil

India Insect

Iran Onion
Indonesia Leaf

South Africa Soil
Philippines Soil
Indonesia Soil
Indonesia Soil
Indonesia Soil
Pakistan Dung
Indonesia Food
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Table 2 Sporulation abilities and taxonomic identification of involved strains of Rhizopus arrhizus

Strains Sporulation on SM Varieties ITS accession No. IGS accession No.
XY00012 No arrhizus MN955400 MN970608
XY00077 Yes delemar MN955399 MN970607
XY00406 Yes arrhizus MNO955398 MN970606
XY00409 Yes tonkinensis MN955397 MN970605
XY00419 Yes delemar MN955396 MN970604
XY00424 Yes arrhizus MNO955395 MN970603
XY00438 Yes tonkinensis MN955394 MN970602
XY00457 Yes arrhizus MN955393 MN970601
XY00495 Yes delemar MN955392 MN970600
XY00507 No arrhizus MN955391 MN970599
XY01735 Yes delemar MN955390 MN970598
XY01736 No arrhizus MNO955389 MN970597
XY01737 No delemar MN955388 MN970596
XY01738 Yes delemar MN955387 MN970595
XYO01745 Yes delemar MN955386 MN970594
XY01857 Yes arrhizus MN955385 MN970593
XY01864 Yes arrhizus MN955384 MN970592
XY01865 Yes delemar MN955383 MN970591
XY01874 Yes arrhizus MN955382 MN970590
XY01875 Yes delemar MN955381 MN970589
XY01876 Yes arrhizus MNO955380 MNO970588
XY01880 Yes delemar MN955379 MN970587
XY01919 Yes arrhizus MN955378 MN970586
XY01920 Yes delemar MN955377 MN970585
XY01921 Yes arrhizus MNO955376 MNO970584
XYO01957 No arrhizus - -
XY02053 Yes tonkinensis MNO955375 MNO970583
XY 02064 Yes tonkinensis MN955374 MN970582
XY02120 Yes arrhizus MN955373 MN970581
XY02128 Yes tonkinensis MNO955372 MNO970580
XY03778 Yes delemar MN955371 MN970579
XY03779 Yes arrhizus MN955370 MN970578
XY03782 Yes arrhizus MNO955369 MNO970577
XY03786 Yes arrhizus MN955368 MN970576
XY03787 Yes tonkinensis MN955367 MN970575
XY03788 Yes tonkinensis MNO955366 MNO970574
XY03789 Yes arrhizus MN955365 MN970573
XY03790 Yes arrhizus MN955364 MN970572
XY03792 Yes delemar MN955363 MN970571
XY03793 Yes delemar - -
XY03794 No delemar MN955362 MN970570
XY03795 Yes tonkinensis MN955361 MNO970569
(#52k)
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XY03796 Yes tonkinensis MN955360 MN970568
XY03797 Yes arrhizus MN955359 MN970567
XY03798 Yes delemar MN955358 MN970566
XY03799 Yes arrhizus MN955357 MN970565
XY03800 Yes delemar MN955356 MN970564
XY 03802 Yes delemar MN955354 MN970562
XY03803 Yes arrhizus - MN970561
XY03804 Yes delemar MN955353 MN970560
XY03805 Yes delemar MN955352 MN970559
XY03806 Yes tonkinensis MNO955351 MN970558
XY03808 Yes tonkinensis MN955350 MN970557
XY03809 Yes delemar MN955349 MN970556
XY03810 Yes delemar MN955348 MN970555
XY03813 Yes arrhizus MN955347 MN970554
XYO03815 Yes delemar MN955346 MN970553
XY03816 Yes delemar MN955345 MN970552
XY03819 Yes arrhizus MN955344 MN970551
XY 03820 Yes arrhizus MN955343 MN970550
XY03821 Yes tonkinensis MN955342 MN970549
XY03822 No delemar MN955341 MN970548
XY03824 Yes delemar MN955340 MN970547
XY03825 Yes delemar MN955339 MN970546
XY 03826 Yes delemar MN955338 MN970545
XY03827 Yes delemar MN955337 MN970544
XY03829 No delemar MN955336 MN970543
XY03830 Yes delemar MN955335 MN970542
551
XY00012-Glu —XY00077-Glu — XY00406-Glu
01 XY00438-Glu —XY03795-Glu — XY00012-Mal
dll —XY00077-Mal —XY00406-Mal —XY00438-Mal
= 407 — XY03795-Gly —XY00012-Gly —XY00077-Gly
@ 351 XY00406-Gly — XY00438-Gly ~ XY03795-Gly
.é 301 . XY00012-LA ~XY00077-LA ~ XY00406-LA
‘% 25 P - —XY00438-LA —XY03795-LA —XY00012-MA
%) 207 / = _ XY00077-MA—XY00406-MA —XY00438-MA
< 1st e XY03795:MA XYO00012.EM  XY00077-FM
—=—— XY00406-FM —XY00438-FM - XY03795-FM
- —XY00012-Eth —XY00077-Eth —XY00406-Eth

1 REEFR 7 AR R RE 2%

7 ] 9 10 XY00438-Eth —XY03795-Eth

Figure 1 The concentration curve of seven fermentation metabolites. Glu: glucose; Mal: maltose; Gly:

glycerin; LA: lactic acid; MA: malic acid; FM: fumaric acid; Eth: ethanol.
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Figure 2 The overview of concentrations of seven fermentation metabolites by 68 strains of Rhizopus
arrhizus. A: a bar chart; B: a percentage pie chart; C: a box plot.
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SR, SERMAE SIRTE SM AR 7= fRE 1 1)
PR 2 6] JC {2 2 25 5 (P>0.05) . X} 67 #Ri#E A

w6 B E A OCRY B s B AT F o 4 b
(principal components analysis, PCA)$2HH 2 4
ERY, SRS 51.9%H1 18.8%, Rt Tt
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Table 3 Results (P values) of variance analysis of fermentation products and fermentation capacity of

Rhizopus arrhizus

Products Sporulation Ecologies Varieties Geographies
Maltose 0.000%* 0.000** 0.807 0.000%*
Glucose 0.004** 0.469 0.633 0.025*
Fumaric acid 0.391 0.933 0.000%* 0.112

Malic acid 0.937 0.841 0.050%* 0.608

Lactic acid 0.000%* 0.005%* 0.000%* 0.000**
Glycerin 0.000%* 0.033* 0.011%* 0.000%*
Ethanol 0.000%* 0.035% 0.194 0.185

Mean 0.000%* 0.777 0.286 0.011*

*: significant difference; **: extremely significant difference.
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