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Parameter Optimization of Hydrogen Fuel Cells Using
Metaheuristic Algorithm

Jui-Chun Cheng , En-Jui Liu*

Abstract

Proton exchange membrane fuel cell (PEMFC), known for its low noise, zero emissions,
and long lifespan, has become a key energy technology in the nation's push towards net-zero
emissions. However, the nonlinear discharge characteristics of fuel cells present significant
challenges in accurately predicting their performance. To address this, the study utilizes a
metaheuristic algorithm inspired by the hunting strategy of pumas to optimize the parameters
of two distinct PEMFC systems. The performance of the puma optimizer was compared with
five other advanced metaheuristic algorithms. The results show that the puma optimizer
outperformed the others, delivering superior results for both optimal and average fitness in
parameter optimization across both fuel cell systems. These findings demonstrate the puma
optimizer’s strong ability to solve complex, multidimensional nonlinear problems, enabling
precise estimation of system parameters and accurate prediction of the optimal power output.
This method not only improves the performance and stability of PEMFC systems but also

offers substantial support for advancing national hydrogen energy technologies.

Keywords: Hydrogen energy, Proton exchange membrane fuel cell, Metaheuristic algorithm,
Puma optimizer, Parameter optimization
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PG MG FLERES B AN - BAAENKE L T R afE o R
(6" Frenfd Retie g o fE o

_ Zi,if] = jranaorrand; < U
Xnew = { X Otherwise “1)
NC=1-U (42)
__N¢e (43
P = Npop )
ifCostXpe, < CostX,U=U+p (44)

AR > Zig 7\ B 238 (39) 0 jrana AR §E RPN ES DR B
rands+ £— B A 0fe 1 2 B e iBdic ) NC %k p 3 #258(42) » U £l @@ﬂ
A E NER R B A 0] 1 2 e a A2 (43)Y > Npop B_% W frenig,
5> A28 (44) ¢ enif e o dodk i B iEE > PR AR R _31@;‘3‘;7,(
FOLE LA Rt R P R R T A RTINS SR R
EE B RN EHIGE S ARDFRAE B TR FEL
PRSI ARN(42-44) ) - B s i 3 U Sdeehfa o] > FlRfai 2 %7 g3 4
*?%“’wlﬁﬁm&%mﬁ%’ép@ 4*Wﬁ§%i%“’éﬁ%%%
RFF LA P mawﬁ“‘ PBEER T ok ST hE N EA LR
SEE AR ?Kﬁgz € > A25(44) 0 Fl G Aok v G T ek ,i}u,,\"}; '“Qi‘éﬁ
bv S ARSI R B r-r'?rmﬁzhj—" ERT R HFARIoR AL Ik
oo Bfs v % 2 AR (45) A2 é»mgﬁﬁg; YR

Xa,G = Xnews iin,new < Xa,G (45)

5> A28 (45) > Aok RTenfz it § mf2 5 5 L 4R Ao PSRRI kKRB
[l ALl e

(z) %’aﬂ’“ =
FIBL}]:E,‘F)\ PO FEEf)* A i@;‘,t el & kersgfdid &0 20 A4
S S A U jﬁﬂv‘m&?'frfﬁrﬁ’ BEFE G P RAY £ ,’I'Zﬁﬂ?g;é}ﬁ B2 ﬁéi’%i"" 4
RS AR D AL B 5 LR 7 2 R (46) K H e

Xnew =
mean(Soltotal))Xxg_(_ 1)8 xX;

_ _ ( Npop
if rand, = 0.5, X0 = 1+ (axrands) (46)

otherwise, if randg > L, Xjew = Pumay, e + 2rand, X exp(randn,) x (X5 — X;)
F1 XRxX(i)+F,x(1-R)XPumapaie
2randqg—1+randn,

(
I

otherwise, X, o = 2randg X

- Pumamale



g PR E A NIRRT 2 Sk G

S AN (46)BE T T PO B FAEY @ % hz 8§k > 0% rands (M@ 04c 1
2 ArE )L T 0.5 RERFE Y 2 ARNE6)P kb 1 P Fa {0 o
TREFERERE > 2K d 37 b ivles  Ep 2 & }H“ ' = F25%(46)
#oend i) 2 *fi%ii PR B R 0 2 AR5 (46) 7 R B 3 T T HOR £
MR (7 R B g o mean & o S BRI E 0 Solia F T PTG R R ‘fr » Npop _
LT AL g - XT U B 3 %“’““:I%sfa‘&mﬁ*’ﬁ WAL 00 1o XA
FTFRELEY D RE o a fo L A AFBELL D SN E S
Pumamaie ﬂJ‘g B2 R B F % > randy ~ rands ~ rands ~ rand; ~ rands Frrando K_14
0P 1 2 B ehg i 0 exp & om dp Bicdi i 0 randng e randny £_¥ {5 4 & ok AL
R RS X ET S AR (A7)RE R E B iR
X; = round (1+ (Npop —1 ) Xrand,) (47)

FARFET)Y B X E B BT~ FIERITOE B randig £ T 0

1z F’&m“:i%ﬁﬁt Npop B 3 W iFenid e 5 i8 » R FI 4o F2 4 = 423% (48-50)
2Ll ¥
F Tt
R=2Xrand;; — 1 (48)
2
F = X 2 —Iter X | ———— 49
1 = randn; exp< ter (max[ter)) (49)

B0 A2 (A9)Y o randm LK B4 G oK AR LW U Tior &7 § T eE
BiF B X Bic o maxiter 35t B~ chk RiFE T#Hc o exp % T dp B g o

F, = randn, X (randng)? X cos ( (2 X rand;,) X randn,) (50)
B #2355(50) % o randng fe randn5 MK A T foRt 4R 'B‘Ji g B Cos
5% El’rﬁi: ’ randzz ’«EIL/T 30 f‘] 1 2 m":ﬁ}ﬁ& ﬁ’»lv ’ -Fm = ‘?‘\E% Sl S
4 A R e A MY B A2 & Bl ;ﬁg B’wﬁa& ﬂ\ﬁ’miﬂ B
{:» PO /ﬁﬂ-r/z- IF/” %_?_—» ‘%gl °

Start

Define the search agent N. ub, Ib.

3 I—— .
T, dimension size and run time Experienced phase
Initialize population
Score
¥ yes . no
exploration
no Iter | =exploitation I
=3 h
‘ ves Exploration phase Exploitation phase
Unexperienced phase A\ ‘
+ newbest X; no no newbest X;
< Pumayq, < Pumay, g,
Exploration phase
$ e 45
¥
Puma = newbest X; Puma, = newbest X,
e male i mals i
Update the score of exploration  _|
and exploitation Update f1, /2 and /3
3 !
. Update the score of exploration
na
Hizr L and exploitation
=1000

—  Retum the best solution =¥ Finish

W 3. PO & iT /4218 -
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Z~PEM % T ¥ S8zt

i % PO E i PEMFC ch i 8ictt > B9 53 = B S8 (& ~&2 83
4 2 Refrb)e T F T S HenfRenipy o § UL T2 ‘fr (Sum Square Error, SSE)
Wi B2 2 AR (Fitness) > » B GDT Ve fr Vex % 7 % 7 Bir B3 2R >
k7 iplc @ NEF* Iy & mﬁnf{ (Singla et al.,2023)

SSE = Z(vm Vest)’ (51)

UL LI A R © #~ PO R ik iriicie - d PO R iR
% 247 % (Best Solution)fr4p & 18« iz 11 SSE

s FEEPEREG KRBT
;u}é’z’f RFEEZEAFE R IR L BRI T R 0 PR i E
#e - el EREG PORE IR RE N FEZ ERAEERE £

o
=1 erjahh e e i REpE (Migalili et al.,2014) -

v s ﬁé’?/éi’fi‘ FWEZ OFEERCRFRE L AL FE G AR EEY h iF
> o ’?ﬁTL vaﬁ\{#ﬂ/fﬁ-ﬁzf&'? A AERTTRE? AR RSSO S > B2z o
Y- 3 m o BPIFEP A 4 55:]%’,‘@7F5_mﬁ4=’ IPEVEUN IRz al F N ;Ii@Iﬁ,’ﬁ eNfE gi,%':‘
?\zfﬁ“?ﬂ?,: FEROERFN A B2 ekl i BARFHET VHE
Bk F Rt B0 L PEs gﬁa’%crm»fa Kix&mv e ApFE o [ MR AR
% Z{F@’?m/ﬁﬁzzgi‘aﬁl—;ﬁﬁﬁz' FREL G VAT R B DT
! ERERNI AN 1}1 Eogb 2 avfeact R E I o

AP NFE R - BiEERAS KR AR RFE R ET P hE LT
Boidenfaids ko AT ot B RS enib g NI e etk B
Flis Pl b AREERT 3R NI FeapegR ol 0 A BE R H Ao V- 2 G
BRI B ARERR e P R R PR R R R L AP R RO EER/BREE A
S T rg BaE R B b~ 12 i) ) 7 A B 0 ko © R PO
SRR 1R ARG RC AR I E

B~ BEaiw

* 9 %H £ * NedStack PS6 ilfcdy & fv BCS500W chiicdy & % 3= PO & & 2
* 3> PEMFC s » 2 15007 & B S 8caf B (77 2 [b vt " ub) (Kandidayeni
etal.,2019) » % 2 E NedStackPS6 @ 3a e (Caoetal ,2019) > & ﬁs?] »FIRRLR B e
3(?’}&-3 Pt E o 50 #P PO e 4 :‘z‘)j{"}' ot mﬁ'{%ﬁf ]-EJ-}- ~H /?!ﬁ’-n /24‘)"' B
ATEE - BE Sl (E1 8208384 ) ~Reir b) ~ g R (Fitness) ~ 11 % &%
£ (Std)> F e H @ FE 2 F T o ¢ 32 GWO (Mirjalili et al.,2014) ~ MRFO (Selem
etal.,2020) ~ HHO ~ LHHO - HBA (Haddad et al.,2024)% f&i & i# 4 dic @ 38 249455
CEREINRE R AR A LA Y s X | “E‘;ﬂt’ffﬁ FRCENES S LS A | $% 5 30 fr 1000’
3 :PO®H & fiFE 2" NedStack PS6 “TiEF end i ¥~ 4+ 5 2 B A
2R S KA R T "'ﬁ :". v LBl B & ¢ 0 PO i Fitness $cie 1 2 Std LEL%
HBEERE S RAGRR Y PORE T LEFRGOE Y ke h - B AEKER
“%rr o % 4 5 NedStack PS6 2243 % % it Leet > & B Ve 2 % PO /ﬁ’ﬂ 2 TR e
e 3+ % B Ves (Abd Elaziz et al.,2023) > ¥ 15 $|i# * PO jFE 238 I kehiz TR

11



Rt
&
hasy
5
&
=3
&
(\x.
N
i
e

By PR A N R

Vet 2F T b T % TR Ve » Bl 4(@)7 27 31 PO LdbF f2 % g R2L4 -0 W 4
(b)3g H PO FH Z 817 B R0 g2 [V I#KE -

# 1. PEMFC %-#ch# ] (Kandidayeni et al.,2019) -

Parameter 1b ub
El -1.1997 -0.8532
£2 (1073) 0.8 6
£3 (107) 3.6 9.8
E4 (10 -2.6 -0.954
A 10 23
Re (10%) 1 8
b 0.0136 0.5
# 2. NedStack PS6 7 34 (Cao et al.,2019) -
PEMEFC stacks NedStack PS6
n 65
1 (um) 178
A (cm?) 240
Imax (A/cm?) 1.4
T (K) 343
Pn2 (atm) 1
Po2 (atm) 1
# 3. NedStack PS6 4L 7 # 2 PO H s & & ;2 e %ot #2 (Riad et al.,2023; Haddad et
al.,2024)
PO GWO MRFO HHO LHHO HBA
El -0.8532 -0.892956 -0.9381 -0.8532 -0.8532 -0.8647
£2(107%)  2.98616 3.28997 3.4861 2.9249 3.0449 2.5666
E3 (107) 7.8 9.14197 9.512 7.366 8.229 4.5764
E4 (107 -0.954 -0.954 -0.9544 -0.954 -0.954 -0.954
A 13.0947 13.6364 13.096 18.532 13.4056 10
Rc (10 1 1.01276 1 3.4467 3.2791 3.111
b 0.0136 0.0234776  0.01451 0.15553 0.15847 0.16109
Fitness 2.0792 2.1052 2.136 2.304 2.29328 2.288128
Std. 0.02265 0.18417 0.0326 2.502033  1.655048 0.95129
% 4.NedStack PS6 % 7 in ~ T RE PO 5 2 TR o
NedStack PS6
Lcen (A) Vexp (V) Vest (V)
2.25 61.64 62.3539
6.75 59.57 59.7798
9 58.94 59.0483
15.75 57.54 57.4961
20.25 56.8 56.7175
24.75 56.13 56.0442
31.5 55.23 55.157
36 54.66 54.6204

45 53.61 53.6329
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NedStack PS6
Lcen (A) Vexp (V) Vest (V)
51.75 52.86 52.9439
67.5 51.91 51.4396
72 51.22 51.0271
90 49.66 49.4188
99 49 48.6281
105.8 48.15 48.0323
110.3 47.52 47.638
117 47.1 47.0497
126 46.48 46.2551
135 45.66 45.453
141.8 44.85 44.8404
150.8 44.24 44.019
162 42.45 42.9766
171 41.66 42.1201
182.3 40.68 41.0171
189 40.09 40.347
195.8 39.51 39.6534
204.8 38.73 38.7128
211.5 38.15 37.9945
(a) (b)
PO on NedStack PS6 Iterations PO on NedStack PS6 IV Curve
: m eso : : . —
\0? ] sl L O Vest|
~ 551
0 b
E ° ] § 45 -
w
mL‘o 200 460 600 aﬁo 1000 350 50 160 150 260 250

Iterations Current (A)

W 4. NedStack PS6 i stefr (a) S8yt R Rl (D) R RITRE T % TR R -

% PO & * >* NedStack PS6 & 7 -2 » A W EHFE 2B E Fant i ks B ®
fici: 1000 #GSKIFE A LEFT 3 X 0 5 SRIFE G F 40 % 10000 £ 5 ¢
B EBRFROFRREET 5580 5 559% BT 439> % 44% > d
WS+ LHEmR? L 5% »Flagl 248 2 Fef > Flag2 2 B3P E o

# 5.NedStack PS6 # % 1 2 B FE L -

Phase Exploration Exploitation
35 558 439
BA 55.9% 44%
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Select Flag

(=1
o
(=]

e
0 200 400 600 800 1
Iteration

W 5. PO-NedStack PS6 i85 ¢ *r 34 2 A BB A E vk i 4 F o

i % BCS 500 W chficdh & 79 S & % 1L $ k325 PO j# & 2 * % PEMFC ¢t
% > % 6 5 BCS 500 W T34 (Sultan et al.2021) » & i » PI 24 T34 chlfed 103
PRt o 4 7 5 PO®E U FE 2 GWO ~ WOA ~ COA ~ HHO ~ LHHO 3* & BCS
500 W 2 7 {9 e it Sl P B 2 p AR AL o KA TF g d > & BCS 500
W chiplia By B 7 0 PO eh Fitness 11 % Std % B>t 2 6582 » POFE #i 5 iE
BrsE Nk GafE, * kipE - B SicER:Err-4 85 BCS500W %7 % 7T
i Leenl > TR Vep 82 % PO JF 8 2 978 17 e0i3 32 T R Vey (Abd Elaziz et al.,2023) » ¥ 12
FERY POFEZFENRNGI TR Ve 2H R TELRRTR Ve > 547 1
* POFE# E B riR A > W 6()7 2 F ! PO & BCS500W 4 s £ ik 2
Sy o @) 6 (b)) D PO H B 2 v 1 R T R dedp 2 -V IKE o

% 6.BCS 500 W ¥ 3 ##% (Sultan et al.,2021) -

PEMEFC stacks BCS 500 W
n 32
1 (um) 178
A (cm?) 64
Imax (A/cm?) 0.469
T (K) 333
P2 (atm) 1
Po2 (atm) 0.2095
% 7. A>BCS500W £ 2 & 7 5 ;3 ch 4 dict & (Riad etal.,2023; Haddad et al.,2024) -
PO GWO WOA COA HHO LHHO
€l -1.15768 -1.10556  -0.927045 -0.862256  -1.1747 -1.0812
£2(10%)  3.85806 3.08595 2.48206 2.96136 3.7964 3.726

E3(10°)  9.72608 5.31237 4.75249 9.66927 7.7614 9.1478
E4 (10" -1.92863 -1.92121  -1.93062  -1.88069 -1.9242 -1.9203

A 22.1933 21.191 21.5094 23 12.8019 12.263
Rc (10%)  2.17198 2.1986 1.56128 6.297 2.2064 1.911
b 0.0162455 0.0154543 0.0193433 0.0144618 0.013729  0.016813

Fitness 0.011556  0.011809  0.032762  0.011768  0.046078  0.0129385
Std. 0.00011003 0.0025672  0.97891  0.0040944  2.950069 0.0674357
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% 8.BCSS00W 9 5% T/~ L BRE* PO EF st 7 /B (Abd Elaziz et al.,2023) -

BCS 500 W
Tcen (A) Vexp (V) Vest (V)
0.6 29 28.9964
2.1 26.31 26.3065
3.58 25.09 25.0946
5.08 24.25 24.2559
7.17 23.37 23.3768
9.55 22.57 22.5859
11.39 22.06 22.0618
12.54 21.75 21.7597
13.73 21.45 21.4624
15.73 21.09 20.9887
17.02 20.68 20.6953
19.11 20.22 20.2316
21.2 19.76 19.7713
23 19.36 19.3662
25.08 18.86 18.8665
27.17 18.27 18.2746
28.06 17.95 17.9531
29.26 17.3 17.2929
(a) (b)
, PO on BCS500W lterations PO on BWS500W IV Curve
” | | | ” 1 ] ] ==
2 2| O Vest] |
10
® 10’
e
0
107!
10-20 260 460 600 800 1000 160 5 15 15 25 25 30
Iterations Current (A)

B 6. BCSS00W % siih () PO S Hcistis B2 (b) B Rla BRI %7 R B -

# PO J&* »> BCS500W 7 4 oo pF > AR EF2EBF ol 6] B L 2 A%
#1000 0 &SR IFF AW LEF 30§ EHRIFE LS 4005 10000 £ 97 A
FERIFE R RERFET STT S 5 578% 0 BT 420 0 5 44% > 4 W
77 L HEAEY Gt g > Flagl 24 2 FF B > Flag2 7 BB FEE o

% 9.BCS500W 452 11 2 BB FFE Lt o

Phase Exploration Exploitation
3OSk 577 420
R 57.8% 42.1%
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B 7. PO-BCS500W 8 & # *» 4% % &% B 5 FA oAyl fL A 7 o

w0 - #HFF 3 PO % 3 PEMFC #3] s > PETA fﬁ,ffu“'"#ﬂ £ dedk 3
#1571 61 Fitness 'frﬂ.’g A Std > izt dcdp? > 7 AR T PO i B R (Fitness) 4
WL Sid @B FE 2R84 FP POEY Aea AR T s an kit b H i
wEELLET ﬁ“‘]ﬁx S¥cchi 4 PO AR P B FHF RSB O EY AR
BooEP PO RFREEAPHEGS P FE R ERF 0T Ry oz B o

e %%

AR L AR B SR R RS £ ] o
PEMFC thfF 2§ 453 5 % > TP FH P £ cnif i 2 2 02 ien 2 2 M £
£ o ﬂKF—*?L"? % 12 Puma Optimizer (PO)#%_PEMFC ehficie 48> £ > & - %&#& e
BTk Stk F B o 3585 5 2 i 22 PEMFC A e ddlic £ H 6w
B AR g S PO 2k chi felt o WL R 5 47411 * 1 NedStack PS6 fo BCS
soowmfm ko] o 3t X ‘*%%m PO # SSE 11 2 ﬁf—’%gﬁ SR =D S RO A
#32 PO 2 ,__)%@W’fw PR AR D 4 B RN 4 o
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Smart Rice Jar with Automatic Weight Detection and Delivery
Notification

Chung Hsuan Chang'?, Bo Jhong Su?, Yi-Chao Wu*"

! Department of Electrical Engineering, National Taiwan Normal University, 2 Interdisciplinary Program of
Green and Information Technology, National Taitung University, 3> Department of Electronic Engineering,
National Taipei University of Technology

Abstract

The current smart rice buckets and rice jars on the market are only moisture-proof,
display the current meter amount, and output the meter amount automatically. Hence, the
current smart rice buckets and rice jars cannot be applied for the automatic detection of the
amount of rice in the rice vat and automatic delivery and replenishment. In addition, no APP
is developed for smart mobile device and no cloud databased is developed for data analysis.
Therefore, a smart embedded rice cylinder with automatic weight detection and delivery
notification was proposed by combining with network communication, embedded systems
and mobile application development in this paper. The APP with shortest overall delivery
time and delivery confirmation for our smart embedded rice cylinder is also designed in this
paper. While the weight of the rice cylinder is lower than the threshold value, a delivery
notification is sent to the store automatically. Moreover, a cloud database was built to record
the rice usage understand the needs of rice for different users. The merchants thus could

achieve customization and optimization in rice purchase and configuration.

Keywords: Smart Rice Cylinder, Cloud Database, Embedded System, Shortest Overall

Delivery Time, Delivery Confirmation
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Aiwen Mango Grade Classification by UAV with Deep Learning
Image Recognition

Chia-Hsin Huang!, Hung-Wei Hsu?, Yi-Chao Wu**

Abstract

In Taiwan, fruits are the major contribution of agricultural exports. Aiwen mango is one
of the main export fruits of agricultural exports. Since the population involved in agricultural
industry activities is relatively small due to aging population in Taiwan, the cost of production,
packaging and shipping with a lot of manpower support is increased significantly. As of 2023,
Taiwan’s mango plantation area is about 16,000 hectares with an annual output of about
167,000 metric tons. However, the population engaged in agricultural industrial activities is
relatively sparse with a high age group by mostly manual harvesting and quality screening to
lead to a lack of more convenient and standardized processes. Therefore, an Aiwen mango
grade classification by image recognition UAV with YOLO deep learning, AMGCIR, was
proposed to address the above issues. In AMGCIR, the UAV could be operated with a laptop
to detect the mango's grade without running through the orchard and the manual quality
screening in orchard before mango harvest. The experimental results showed that the accurate
rate of grade classification could be over 70%. It proved that AMGCIR could be used for
Aiwen mango grade classification to reduce the manpower and avoid the manual quality
screening in orchard before mango harvest. The export and transportation of high-grade fruits

thus could be arranged in advance.

Keywords: Aiwen Mango, Grade Classification, Image Recognition, UAV, YOLO, Deep

Learning.
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ERAF Y EINFALRE CAAFEUERAPIERFESLFF > ARE
YOLOV2 i 3 A#HKA 2 7 2 % S FF % % ehygs o wE YOLO &% 4[17] » YOLOV2
BypaliE A P AR YOLOV3 B0 e B A 14 5 22 %5 YOLOV3 40 % i dic
o RRE AHGEAY T BRI W E AR AR FARE I TR
YR A AL RB R TIE v R TR Y AR R eeEni o F YOLOV2 AR A
& e YOLOVA SilfAd it € 37031 0 B it R AR 30T M ¥ it
Ao fed A2 @& % i1 Darkflow ® %4 YOLOv4 {0t © 72 40 % > HRE 2 EIE
Eo gl AET AT RE S RAPARYNE & 2022 £ > PUNER L B2 ER
P #7400 YOLO ¥k o fof PAAT 3 (5 29247 > @ % YOLOV2 it 53 304 s 427 48
T TP EE AT TR RS o 4 Tl R L R B MR e A
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Model |Input size| Train set | Test set | mAP |[FPS
YOLOv1 448x448 ['VOC 20074-2012|VOC 2007|63.4% | 45
Fast YOLOv1| 448x448 |[VOC 2007+2012|VOC 2007|52.7% | 155
YOLOv2 416x416 |VOC 20074+2012/VOC 2007 76.8% | 67
tiny-YOLOv2| 416x416 |[VOC 2007+2012|VOC 2007 57.1% | 207
YOLOv2 608x608 COCO COCO |48.1% | 40
YOLOv3 608x608 CcOCO COCO |57.9%| 20

B 1. YOLO & %% 4t #[8]

B % 5 B FERECAI Y YOLOV2 7 &8 2 ' E B = = 15 » 11 Darkflow .t’.f i+
EAEN P HRBERE Y “‘“"] 4r Tellpy & * 42 5% Yello (Yolo + DJI Tello)id #[9] »
A %ﬂ’f?’%p‘\‘%#ﬁ-ﬁi‘\ LEZ_YOLO %= A& 5 YOLOV2 T ek & » 5] YOLOV2 2 {$ e
AR SRR AR S A EER T AR Pt Tk 2 22 EH YOLO R
BEY 282538 F% 2 PHFrRaE Ao &% chRyzeTello # 5@ A > £ 3
100 = ® g Edpfe 720p F 1 2 13 2 4a T Féed o

T

4o @) 2 #1777 > YOLO 7 F' AR % S ] B KET] 448%448 » %‘J A R 1S -F'— =L
ERAGRE > TR R L %]»vjfjfﬂifrg RSP AR R TR P g iR
it (Non-Maximum Suppression,NMS ) - YOLO # ‘& B #A4c@® 3 #r7 » ¢ 7 24 B
ERAE2B200K 27 > EFELE Y RBEIEHac 2R LR RIFRIN
Wl 5 o 1R [10] -

1. Resize image.
2. Run convolutional network.
3. Non-max suppression.

W 2.YOLO i ip) i £2[10]

\_ ‘% B

&_1VWU[B

Cowm taywr  Comn bty

Coy

Coov. Laywr Cone loyw ( Lo-um 4.«\:--

Palubdad Jede 1 128 ] o1 Jedeitie

Mnspped ywe Mgt Loywr u :.u :.x.s: 2e3n m ERENT
12l Ja2e2 latu2ss aladid Jadelele
ST xu 1034 1224l

b 4 poallianr «~<og
Wl 3. YOLO # 54 b 2 #[10]
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Aeh> B TE 2 2% 5 5T AR B PP > 2 &3 7 Intel Core i7-
10700K ZJ2 % ~ NVIDIA GeForce RTX 3090 (24GB RAM) %77 + ~ 7490 & 71 %
#1212 64GB k tiiz iRt o TN 5 B & 7 TensorFlow ~ OpenCV ~ Darkflow £
Tellopy & & i+ - i # —?5 SR B Y ¥ GPU» » 7t CPURRHF > Rfihi B
EARYRB > BRAR I LR - FTHR T NE TR ERTRE L 5
B G —AL CUP 2020 & ~ = % B R Bl e [11] 0 £ 355 45,000 3 = % %
& HAEzrph > 2 YOLO (BB B Y $E[S]R 2R -

AR 2 T2 TR FRTHE LRI SHF RO FRET
& AL CUP 2020— % * = % B e B F - 2 F R 07 # ikt
(Annotation) & {E£4F >0 & 7 T % hE &EX (A~B~C) 17 2 if B 1=(Bounding Box)
T Fd Ay m e T ARG RFLARRY 2[11] -

Pt AE 2 FF YOLOV2 pa2 ad & f & 953 58 74 it (e ofg 4% ¥ 3K %_saturation~
exposure ~ hue %) @& HA| AP F - RPH > MEEWARERR - HrR LSS
R RSB R o A AP T AR T e, B A
B ORI 5 0 SeAT R R R R B ) 51,990 3R 2 % F S gGh ~ B e
§FIB AR NMA PR 2 g AFTH AL IE AR FRE- HRA
El SR et LN SRR s o B2 A

20 REEEGRRADGG P T RTRAS A RE (TRAIN) 2232 8 (TEST):
T ARIFE R PRER 2] 10%1F 5 %% & (Validation Set) © & A Class #
DIRBE L 28,585 R B L 5,388 &3 33,973 BIERE W 5] 15.86% 0 R E L B
84.14% ; BClass " & 5 11,140 @l & 5 1,016 &3+ 12,156 5 I3 & ¢ &) 8.36% >
205 Bt ) 91.64% ; CClass 23 & 5 5275 B3R B 5 5960 &3 5,871 7 PIzEE L &
10.15% > 2" 3 B 1t 6] 89.85% 0 &3-S B L 44,990 Bl & L 7,000 & #c 51,990 >
Bl E N 13.26% 0 v RE 91k 86.74% ¢ B ¢ AClass (R B v bl B (15.86%)
B Class B3 1 (8.36%); % dd & P 7" iEAz® £ d VR ETHI R P 10%* kB K
B3 Sdico B4 > A5 5 518 Darkflow 2 #3920 % & 2 YOLOV2 iR A £ % #4)
g Tellopy # ¢ A2 BFREHE H[9]@ A 2R TU B > & {8 Ryze
Tello i i A 8 H f4F 30 @ﬁiﬁ&&%ﬁp 100m-~4=HB €& 87g ¥ Al & Ah> 258 % %
BRETHELVREANETRET 2 T RS Amy S H F LN EF YOLO FA
P2 82 X588 %A P HEsm Ao syt 2022 E47 22 0 4 Fplgrh
PEAR A B 2 YOLOV2 i B 22 Vb A R B frfi M1 2 (FLF B R» 277 B
w2 RAH
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~
45000 Mango Images YOLOVZ2
[ & 45000 Label Files | | Deep Learning l | Mango Quality Weight
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Mango Quality
Classification Drone

B RHREERAA

A2 &% YOLOV2 #3 H8 ffae e st s 5 0.63° &3 F2is
e T (Non—max1mum suppression, NMS) ¥ % 9’;'. R (confidence) F* # & P& » & #-
NMSThreshold 3% qﬁ&rs CEFEEREMHERRK  FEAL FElEE AR - Fid
Vi AL EA1EE 5 F 2 0 % NMSThreshold i3 » B ¥ s &2 BRI iEmyp 2> R
S R A B iﬁ)’i(conﬁdence)F’“ W 2Ry 2 S EAE B2 38 A
B~C &t 47 Pag;;‘réﬁ oo RS il F P LIRS CRRE S Aok R F E K
s EF S % > ¥ 0 i ConfThreshold 3% T # B chficiE (54 0.9) » ¥ A or & 0t |
Eerfe it o d 32 YOLOV2 & & 3" Rundg? paE 1 i d 23 5% > 7 B8 & cfg 4 ¥
& ¥_saturation=1.5 ~ exposure=1.5 f= hue=0.1 ¥ %% > & #-3] i » 5 R DV RP P>
PR RERRE ARSI AP FIM G 7 e RA R FER i (X 51,990 &)
mlr T ARAREL SHEMCOPGHR o Ra AP T AR A S
BB 2 2 FtF R AR TG R e v R R 4e e 51,990 R
":"fﬂ'éﬂwiﬁs“:ﬂ‘]wim PRBEIR G FlB i UM e A4 AR > T2 g AT
WAL RRPGAE G F AL OERIER LA L 0630 BRI M %D
- TAREARFH AT RGO IR Ry R ZRE o Fi R MR
NMSThreshold ¥* ConfThreshold ° ,T%ﬁ‘i B b 48 AR cPle P AT B et g
2 TR F A s LR R OTHREH 2 AR R T 2k ST
FER o F &7 CPU & GPU ek B 4™ !
e CPU : Intel Core i7-10700K -
e GPU : NVIDIA GeForce RTX 3090 (24GB RAM)) -
A 0 Z490 kA -
o JiizEliAl  64GB e
“ @ 52 %6 > NMSThreshold #2232 % 0.1 & Inputsize ¥ 5 608x608 - B 5
5 ConfThreshold % 0.1 > B 6 ¢ ConfThreshold 7] % 0.9 - F]p* ¥ 7 3] - W 6 ¢ 1
IR T 0.9 GfEgt7 g IR FRT Lenf PR S o RF o Bl T B
ConfThreshold %4 # 0.1 » 2 # NMSThreshold # & & 0.9 > ** Ej=crfic® Ng 2 3 4c o
5% & %5 » ConfThreshold 4% B ¢ i > ¥ Rl{=48 7 hfic® » @ NMSThreshold 4% 3

1
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Rlg R ] AP FFIE En 4 ks  SE KBS -WO6EWMT7
FHA DD B R O R R

®) 5. ConfThreshold = 0.1 ~ NMSThreshold = 0.1 ~ Inputsize = 608x608

W) 6. ConfThreshold = 0.9 ~ NMSThreshold = 0.1 ~ Inputsize = 608x608

W) 7. ConfThreshold = 0.1 ~ NMSThreshold = 0.9 ~ Inputsize = 608x608
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W 8 % B 10 P| & & -+ A ConfThreshold ¥ NMSThreshold # i im™ » % ¥
Inputsize T pF » FEiesr NI GL B o 7 J‘!"é ] > % Inputsize 5 416x416 (@) 8)
PR S E G R EFER 2T S > HR BT BB E N EA I M BARG
aiB ik o PR 2. T > F Inputsize 5 608x608 (@] 10) PF » P H_& =X jp3E ¢ FE Sk &
R SHcE s o LR & % NMSThreshold T3 % 0.1 i & 4@ 5 #71 » i&—
“,ﬁcf 5 A ende (23E Be o FpL > {8 312 ConfThreshold = 0.1 ~ NMSThreshold = 0.1 ~
Inputsize = 608x608 ¥ 5 i & ch Bk T iE -

® 9. ConfThreshold = 0.1 ~ NMSThreshold = 0.9 ~ Inputsize = 512x512
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®] 10. ConfThreshold = 0.1 ~ NMSThreshold = 0.9 ~ Inputsize = 608x608

A @ * OpenCV FBH A2 2 2 Sl BBl 32113 8> T A
o A R ORI ER S TR ARE RN R A 2 Sl B
HEEEFENRBA LI o OpenCV-dnn £ 23 E5 /87 I 2 5T o B 7
1%7?] AR CPU k4 (7 #-AI3E R > $ % 7% % OpenCV-gpu £ # R # 53 4] *
GPU # (7 HAIFER] « Fok? » T r PR E B B FIER V@ 7 b A R A FE R
AP end > GPU AFERE & v CPU B+ 3B > o) 11 #7151 o
A SEApRFPFE 3% CPUZ GPU Z 3% £ 8 » ﬂﬁr'ﬁ]12“r—r°4«r\ﬁ]12 F]
R A RAMEFERHEREETARE AT o "ﬂkr"’—’ Bk kL 4o
> REIE I EF GPUS e { P i@ § i 4 K wpFEIgRI@ P o & GPU» Bl v
g CPUﬂE‘lf’ME/? B - TR 15 WK

T

[ N
p
[E.
=
=
E
= 1
L
E
=
E] 4
41441k 17317 E0EEDE
Inputsize
mIF.] =Rl

® 11. GPU & CPU % 7000 5& @] # y:pr B
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W e ) %‘ﬁ%lﬁ Sl REEMpER S L B F e YOLOV2 @?J)‘ B
Z 416~512~608 ¢ Bt iE = ﬁ;ﬁ_ﬁﬁ NP R iR (T i o HP B ) 7_ConfThreshold %
0.1 ~ NMSThreshold % 0.1 > 4c@ 13 #77+ - /& @] 13 ¥ &v > Inputsize A%+ > FE I 4%
B OF A kAP R R * 608x608 1T 5 Inputsize gk iE fHEciE o
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M gl 5
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1B S8R E o 2 ¢ — B 5 NMSThreshold (2:4& % Edrd] ) o & § B 54 2 :E B4
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g%
I
Bl
# s
|4
5 oo
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5 s
2%
1%
e
w1 W; 0.3 b Db bb b D Dy

NMEThreshold

®] 14. 7 F= NMSThreshold 2. 3 & £ 5 ( Inputsize = 608X 608 ~ ConfThreshold = 0.1)

JE ) 14 1 30> 23 B NMSThreshold ¥t % i F 3 2 5 B85 af BRI 2 o )
- TEF - BERGEHESE O B ERT RGBS AR T R FNALE -

R oo et FEIAFRIERR Y DER KBRS € L 5 P A o b4 § NMSThreshold
WA FEAIRG NP BERE A T35 EAFE 0 F B2 8 PR
BEDTF o G NREL P L EERIE T AT P ; 7
NMSThreshold £ 3% 3% & M — & > UEFdE S ARF F R 5 o

Opencv-dnn 3§ B~#-73] pF > ¥ 123 & ConfThreshold » i& B &8 U4 #A] & w
B35 513 R B SRR B 4 R AR A §ABER - ]
RFEPREIAFMFEIFTRERPmoRRE > » § LIRAERY o 4o® 15 #77 » F
ConfThreshold 4% 8 » ¢ FREMFFRF T % 5 & § Inputsize 4%-] ¥ ConfThreshold
ARF > R g L RE 0 oW 16 T o Flt A% Y B ¥ iE$# ¥ ConfThreshold 3% %
% 0.1-

W 15. % 4 25 P~4= (ConfThreshold =0.1 ~ NMSThreshold = 0.9 ~ Inputsize =
608x608 )
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W 16. ¥ i~ 25 P~4= (ConfThreshold =0.1 ~ NMSThreshold = 0.1 ~ Inputsize =
608x608 )

e #2.# e i ConfThreshold #5428 & x5 cn g2 35 > 4o @) 17 (Inputsize = 608x608 >
NMSThreshold = 0.1) 2 B 18 (Inputsize = 416x416 > NMSThreshold = 0.1) #77+ » ¥
BTN F ConfThreshold # = » % 5 ¢ 384 M1 4f B cige 1 FER G EREWME
FEF T o

FHE-F 2 A4 5 BERYRIERE > YOLO 8 2 50— BB BB
(confidence score . )enig % (7 5 St gy o § 4 BT o kAt g Bips R P
7 e > T EE NMS (2H4E =+ Edrd]) T8 2 fﬁ SE T S IRT AR
Wi Gz Hggng %k o

I

T
BUE I I
e
g
) I
0%,
0l ne ns ns s [ [ [ [

ConfTheeshald

Accurate (%)
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T3 3 B iR
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-
=3
e

W 17. Inputsize =608x608 2_ # f» ConfThreshold z_ ##8#rx % (NMSThreshold=0.1)
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W) 18. Inputsize =416x416 2_ % I ConfThreshold 2_ 8% £x % (NMSThreshold=0.1)

Bogt ) B2 ETAE TRt 0 A2 A BT AT T RBA DR 0 A
Bl TA 8882 B ~TA#ERL C "B #8882 A ~TB#E s C ~TCoysv i A
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BRABEEBAAPEEFNANC-F2l "By A » 2F19TAy8L B
FiwAp o % E—L_@]p A 8 B e Fﬁ?‘fﬁﬂ AP FE o A FEREA NREL - KW 22TB
FER e Co vl 2 REY %1 JTEEZ R R S o BRFERY Y 0 FE R
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Development of Monascus purpureus NTU 568 Gene
Manipulation Platform Using Electroporation Method

Yi-Ling Pan'!, Chih-Hui Lin*?

Abstract

Filamentous fungi have become important industrial producers with high commercial
value due to their ability to synthesize various beneficial proteins and secondary metabolites.
Among them, Monascus is a key strain in Asian fermented foods, with its products widely
used as dietary supplements and food coloring agents. As the whole genome sequence has
been deciphered, research into the biosynthesis genes of secondary metabolites in Monascus
has gradually deepened, laying the foundation for precise genetic studies. However, the
current gene manipulation tool for Monascus - Agrobacterium transformation method has
limitations due to its random insertion characteristics, making it unsuitable for functional
genomic research that requires precision. Therefore, developing an effective gene
manipulation platform is essential before delving into the genetic mechanisms of Monascus.
This study constructed a homologous recombination deletion plasmid, pHRL, targeting the
pksCT gene in Monascus NTU 568, successfully reducing citrinin yield by 89%. The results
indicate that cell wall removal, the use of linear plasmids, and regeneration culture time post-
electroporation are key factors influencing the electroporation efficiency of NTU 568. Future
research may explore alternative promoters or more effective selection markers to enhance

the screening efficiency of stable transformants.

Keywords: Monascus, Secondary metabolites, Gene manipulation, Electroporation
efficiency

Yi-Ling Pan, Student, Department of Life Science, National Taitung University.
Chih-Hui Lin (Corresponding Author), Associate professor, Department of Life Science, National Taitung
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7 ¥ I 7 5 (septate hypha) » # X =4 ¥ & 2 F feh KBS § o 5 epst 8

(homothalhc) 2 P R A RS Ak EF g Bfea B RE o e H Ap AR
WY B & AdEeni i 4 (5% 0 1970)

-~ EREAHP
ERATTEAHMPHAFRE FEEPTE A AR e T A0
(= ) Monacolin K (MK)

MonacolinK # = ff 03 B F M4 > &5 d P ﬂk?'*‘{é BRI 1979 &
1€_Monascus ruber » 4 3t % (Endo, 1979) - MK &_- &£ ¥ fis é‘. %\#»P?H?*?IJ ' 23
BF il gk o TARRE F NI IR BRE & R SRE g L2
#LF 17 * (Xiong et al., 2019) -

(=) =8¢ % (Monascus pigments, MPs)

EREAT AT 25 fAgd Ao d 3 EASEFS T AL R
AMFRE G FL g FURToPOR Y £ § £ ¥ ox(Zhuetal ,2019) 0 1 & cnio 94 3
¢ 35 %2 ¢ % (monascorubramine v rubropunctamine) - # % (monascorubrin fr
rubropunctatin) £ ¥ ¢ % (ankaflavin 4= monascin) > ¥ * eait & ‘éif#f"‘ BT E B
% 38147 crrazaphilones #f © = f9¢ 2 en% 2B o iTE R T AP > H A S BAE
Bt B4 2 F LA £ H H § ¢ % monascin ¥ ankaflavin (Fengetal., 2012) o
(=) ##&k% (Citrinin)

B i#E A - B EF & 0 & A 3 2% Penicillium ~ Aspergillus % Monascus
P (Kovag et al.,, 1961) o i&f64 2 ¥ F{c T o7 3 12 wslg - k7B 4L
CHLEWHER L BREET o d gyl %25’1‘%%{? g S EAR T B T
o 2 A ffd FORFETIRERE DAL AT NER

R
LREATPELF L 2003 £ kiEH BB véﬂfﬁji Ik A i
i & A% (genomic DNA-mediated transformatlon, GDMT)i& 7 = 48 7 2k Flezid o SE18
A F1# % ~ PEG-R 24 7 %4 1] ;2 (PEG-protoplast mediated transformation, PEG-PMT) -
B & %ﬁﬁ 4]/ (Agrobacterium tumefaciens-mediated transformation, ATMT) = 2| fi= 45
fi B & = % (restriction enzyme-mediated integration) % B fir4p B 51 ~ > 1B - HJEiE T
= 59 A o0& A% 1 (Lakrod et al., 2003; Campoy et al., 2003; Chen et al., 2008) - 2@ > i&
Bk 24 H B U AR~ AT RS A TR e ARl > © A%
EAy

L |
>
I&%\« )

o
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Flt o BB R MR TFIFREL SRR IMER o X kT g

o g L_iimaﬁrs MK 4= MPs 4 & » E& 31&% WE ot X U LE 55«1[?]
LA PR O B BECLF] 0 ST L AR IR ER Ry
FILL A DiEr o RS SR RE RPF fo

7~
-~ ERER
AFTF AT 2 2§ Atk Monascus purpureus NTU 568 (DSM 28072)d & = . %
S EA PR TP KRR % E TR & o E. coli pPCAMBIA1380 F# 5 pCambia Labs
(Canberra, Australia) °

I B%

‘=49 M. purpureus NTU 568 448" PDA T3 & A 732 & & 28°C - E. coli
pCAMBIA 1380 © B~ 5 UL %3 +:-80°CH i /4 i 5% 4 2 f&if Fi# #2463 5 mLLB
%4020 37°C > 150pm v 35 & 18 ] P E I Ftk o £ 42460 7 25 pg/mL kanamycin 2
LA THEREAEITER A 37C-

I REIE
(- ) 45~ 4 DNA
whF B 0 E coli 7 F 25pg/mL ampicillin (54 pHRL) ' 25 ug/mL

kanamycin ( &4 pCAMBIA 1380) 7 LB # % A ¥ 2 & 14-16 /| p¥ o ¢ *

FavorPrep™ Plasmid Extraction Mini Kit 4 2~ 548 > ¥ 2 Qubit® dsDNA BR Assay

Kit ] _F % DNA ER O Bis #-H EF-20°C -

() AT

LG &“ﬁf@ kA b P AT phsCT &7 P - FREAR Y
pCAMBIA 1380 i® % &% & 3e pyT&A i 5 F 2> ¥ @& K Monascus purpureus
NTU 568 7 pksCT kiR € 2% & (pksCT-L v pksCT-R) o H-i# & iE 4] $k i *
#i2 % hygromycin B phosphotransferase gene (hph)foid & F1iF 4 ériE s o 7 4
#- pksCT iigrﬂ'rﬁS’ B (pksCT-L) 4= 3° # £ (pksCT-R ) £ j¥_ E. coli pPCAMBIA
1380 #3 41 e 35ST-Hph-35SP  ELig {7 overlapping PCR i % - % » 1 * T-A
cloning ﬂ—s—px B~ yT&A vector » I3 i #4 k5o a2 -2 # A 3 E. coli IM109
Atk MEFEEfeT A o R 1200 AP TR A5IF T e

21 AL RIS
Table 1. Primers designed in this study.

Oligo ID Target gene Sequence (5'—3') Amplicon size
pksCT-L R ksCT CAGTCCGCTATCTATCCATG 654 b
pksCT-LF P AGATCTCGACCCGTTTAAAG p
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Oligo ID Target gene Sequence (5'—3') Amplicon size
pksCT-R R TTGGCATAGACATCAGTGAC 656 b
pksCT-R F CATTGACAATCAGGAGGACA p
Hph OE F CATGGATAGATAGCGGACTGCTTAGA

CAACTTAATAACACATTGC 2598 bp
Hph OE R hoh TGTCCTCCTGATTGTCAATGTCTAATA

P AACGCTCTTTTCTCTTAG
1380 hph F CTTAGACAACTTAATAACACATTGC 2585 b
1380 hph R TCTAATAAACGCTCTTTTCTCTTAG p
GMLF GML AGGGCAAGTTTCCACCTATGTT 416 bp
GML R TAGGGTTTCGCTCATGTGTTGA
pkCT-M F ksCT TTGGTTATCAAGACGCATCCCA 855 b
pksCT-MR P CCTCACGAGCATCAAAAGCAAA p
E)yriigiairik

Bl A2 AR 272 32 % A (conidiation medium :

KH2PO4 ~ 0.5 ¢ MgSOy - 7TH20 ~ 2 g NaNOs ~ 0.5 g KCI ~ 0.01 FeSO, -

100 g sucrose ~ 1 g

TH0 ~ 3 g

yeast extract ~ 5 g casamino acid and 1.5% agar per | L medium) ¥ > # 3+ 28 °C » 150

pm TR A5 LR FHPPE

10 &~ 45

BE

(z) 2
A
[P Ed

B e RiER AN o HBR FiR L 3,420 xg d

» 3 f ’F +% 16 SmL #B:]’}\E’-_%(T%/%-;E?—i L < '}’?;‘5-3?—3»?&#%‘%$
10 20 L &BACHL™ 1 B T B Bk R S e T R

10% spore/mL o
EEAE %Y

3R FI4kiT> 2 24 Dobrowolska and Staczek (2009) ¢4k 14 BRI Ao
N« %a— B

o AL~ 4;3_,.%’\?

E_/';Ek f%“f;aé"g'%w’%t)‘zomLYG %‘E_’;

(0.5% yeast extract ~ 2% glucose ) > 7 28°C ~ 150rpm T35 % 2 /| BRI 3 5 o 3
< 3 /’J\ﬁ'i{g?)% '735?—3' ] ﬂﬁ%ﬁ?/ﬁ PEI .ﬂ * lySII'Ig buffer}%@ﬁl_2 ’JB‘% A

RAF
(a)

WAl B (W1 -
()

W1 Hixwme QF 5423 F - (b)h2 -
Figure 1. Competent cell. (a) Germinated conidia. (b) Proptoplasts.
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FRF A %* = §9 A Monascus purpureus NTU 568 & #& 4] 2 Flf iv T S B

() THEARBRIAL

#% #30% B (1 mMHEPES - 0.6 M mannitol » pH7.5) # 1x10” spore/mL
% xR 4 o pkif 15 A 4815 4~ dpg A DNA > SLAAEE 200 ul > f ikig
15 4 - # * BioRad MicroPulser™ it {7 #&] (2.5kV/em)» 5 # 5 = T4 »
ImLYED £ 4 # » ##3 1.5mL #ic® dc F ¢ skip 30 A48 0 £ 28°CT ik
RERHE 1P
() B A RFEL A 47

R A HR 22 7 hygromycinB énPDB 33 & ¢ 3T 28°C &~ X (S P-4 4
# DNA - # * 313 GML-F + GML- R 4 pksct-M F ~ pksct-M R i& {7 PCR » 11 5%
FRARATE A HRA T2 B 4 ) phsCT A F]-PCR & 4 S5 7 Arsnis i 1 A9
A LB P RN LD TR EF A

553

- ~ pksCT # F17] ‘$ cassette 13
'ﬁf’fﬁr ,,é’(j% EAEN N 'UﬁkﬂkaCT@f—? G < ;l]ﬂ,;%ig A pksct-R (654 bp)
fo pksct-L (656 bp) > %% Bgm (+ L3p#end - iF - PCR & #n @ 115 2 pyT&A &
A D E coli IMI109 it 7 %A 4% pCAMBIA 1380 f48i¢ 7 355T-
Hph-35SP B 7| #3 » A 4 2638 bp & 5% 200 bp & A 4 o 5 1% %o ¥E5 % A 3t
PR i 2638bp PR Y B0 & pyT&A E 78 {1 3] 3 E. coliIM109 ¥ %A -
% 35ST-Hph-35SP B 7|2 phksct-R % phksct-L % £i& (7@ 4 PCR > % % & OE HR
(3253bp) fr OEHL (3251 bp) #1315 700 bp chigF » ¥ it FIA W i chid 2 2
L - oAt L i 31 E coliIMI09 ¥ i (7 T/ o % » OEHR %
OE HL 1/ i & 4 ¥ pksct-R % phksct-L i£ 7@ 4 PCR>» £ # jE#® HRL A% > B 7| >
£ 3908bp > Fitfir i @2 AT E coli IMI09 i (7 F5 fr LA (W2)
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Step 1. amplification of pksCT-L and pksCT-R sequence.

PpksCT-L pksCT-R

pksCT gene
-> -« -> -«

pksCT-LF pksCT-LR  pksCT-R F pksCT-R R

phsCT-1 =X pksCT-R (I

Step 2. amplification of 35ST-Hph-35SP sequence.
Hph gene

CaMV 358 terminato

CaMYV 358 Promoter
35ST Hph 35SP
{ [— 1

> =
Hph OE R Hph OE F

¥

35ST  Hph  35SP
pCAMBIA 1380 K =1

Hph OEF  Hph OER

Step 3. ligation of OE H on pksCT-L or pksCT-R sequence.

PpksCT-L
=KX OEH OEHL
=1 B ) ==K [=—1 B

35ST  Hph  355P
’ pksCT-L 35ST  Hph  35SP

358T Hph 35SP

| | =] OE HR
[l
OE H o — ‘ X T+—T1 pi=—=]
pksCT-R 35ST  Hph  35SP  pksCT-R

Step 4. ligation of OE HR and pksCT-L.

35ST  Hph  35SP  pksCT-R

OE HR
==X ) ==K [ e
PksCT-L pksCT-L  35ST  Hph 35SP pksCT-R

W 2. A5 F & FIPI% cassette AN I o

Figure 2. Gene knockout casette construction steps in this study.
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BRF - HRA M 4§ i Monascus purpureus NTU 568 7 & ) L Flf (v T S B

N Y LT

ARTE T A B 2 ) AE TR R EAES (5 pg DNA Al Hkid ) -
A F T L AIeFIFEFAme » T % kA0 pHRL ?T’a‘*":@i’f w AR o 42
WA FEELF T A AT ?ﬁfi 1x10° ~ 4 pg 48 DNA ~ %484 200 pL frf 4 2
PR 1P @A HFERES 325575510~ 12.5 4= 15kV > ﬁﬁ*“lfiﬁ“”‘”‘ 40
pug/mL hygromycin B =7 PDA é‘mg BEABREZ - X > 25a2EF xRk o 5
s g Xbal ¥+ i pHRL 407 fFaie 7 L2 > ik b > B a2 Bd

H% Y e o e BET AU FEER R DNA G~ dmfe oo 2o R4 FRRIF L FA
e F RS E R A S X108 SR TH25kV/em s @ * 5 Xbal T i
4 ug 48 DNA ~ & & 788 1x10° ~ 484 200 pL fof 2 32 A @ 1) prenif 2 7 &
HEEEA o ek 55 pgDNA ¥ A 2 774102 B4k 7 e k25 NTU
568 1 & g #AIE o

BIFE A BT HT (1458115 4 15kV/em) & * Xbal §v Kpnl % *» e pHRL
AP F 2SR A TR 1x10% 4 ug DNA ~ B84 200 pL frf 2 5 %
PERF 1 /] pF oo H%“”‘ # 60 pg/mLhygromycin B %2 1.2 M sucrose <7 PDA & 3% 3% %
ABAE- AR P EFAEERSEERES T 25 50 ug/mLhygromycin B 77 PDA #12 %
BiEABFHABE

&d Xbal 2 Kpnl % *» pHRL 2} B #8385 23 3 % 1-4.5-8~11.5 4= 15kV/cm
PR EEEERAR 0 2 A& 15 kViem RFT FIR A p b iR Ecd @ u»”ﬁ EA R S
A2 o & * Xbal F *» ﬁﬂﬁ'f’fﬁ'ﬁﬂ] T3 15 kViem T 3 & B o 352 5 (205.2 + 108.6
transformants/ug DNA) > e & -5 & frig 4] »c 5 2. F & &?—g g% o ‘5 d Kpnl § 7 eh
T AT H 1kViem T F B chig ) »c 5 (183.2£27.9 transformants/ug DNA) » e 22 #
BTHOEAPISIAAVEAREFARE A ROT ) ¢ BFORETH o A
FREeoMg (W 3)-

400+

E‘g Hl Kpnl
2 Xbal
S 2 3004
%3
c
S £ 200
- (O
[}
ES
L% 1004 T
0 c
[=1
L] i T
== o . . .
SR S

Electric field (kV/cm)

W 3. *L41pF Kpnl {v Xbal § *7 0B 48>0 7 |0 2 3T 9 NTU 568 # 3]s 5 o
Figure 3. The transformation efficiency of restriction enzymes Kpnl and Xbal under different
electric fields on NTU 568.

60



LA FG LEET] 2024 142) > pp.53-67

KFry it % g Kpnl ¥ %7 48 pHRL B33 e 2 Fadc® - 74 DNA %
B SR iffed AFFHEI T O THARAFER L RL THEE
1x10% ~ 4 pug 4 DNA ~ & 48 4% 200 uL fv & 4 33 £ ¥ 1 -] p¥ o Hygromycin B & i
JE R 70 pg/mL 7 i 7l & % 4352 5 (0.50 £ 0.36 B # 4] #k/ug DNA) ;5 200 L 3 fbeig 48
¥ 5B B AT (0.58+0.66 B4 A HA/ugDNA) » & 2R R FLE o 4
ug pHRL DNA ¥ {8 % #7352 % (0.58 £ 0.51 B# 3 tk/ug DNA) » e & e FF @ kg % £
PR WLARABR LY > S 4 L2 ET TEF A (042
+0.24 BEAFR/ugDNA)» BEFF 354 0 BFic3 | (% 3) -

iy o AT S % 5 Xbal § 7 ﬁ—h?ﬁ{g pHRL A 4% % I /g 4 ?’r,ggﬁ&.ﬂ . ?fr
WDNAER -SrrHlfifrl 2 PREHEIDIF AP T THAN A F L FHE2 %
R4 FREE 1x10° 4 ug DNA~ 3 88 % 200 uL o 4 32 % 5 1 ] p¥ - Hygromycin
B é#E kAR 5 60 ug/mL pF > B4 FRIECE 1x107 cells PF ¥ B9 5 F #4225 (2.20 +
2.55 BHEA B /ug DNA) » e e P m Ag ¥ £ B 5 % B 448 400 uL 7 7 & 3 # 4]
(5.00 £532 B3 4k/ug DNA) » e L AR X L8 ;flw 4 ug pHRL DNA i 48
DNA # {75 8 # 4] »c 5 (8.50 £ 7.04 B 3| tk/ug DNA) » e 2 o AP adg ¥ £ R (% 4)

A p%ﬁ?ﬁ?* B0 6 o) P OREE BB chg R pn g (448.08 £ 28.91 1 4 Al h/ug

DNA) (% 5) -
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B i
FRAFE T R % 0 e kRl Kf .o %ﬁallggﬁ A REGL A RABR L
NTU 568 T3] »eF enbl 4 = 7 2% Eiw% % & - [ DNA £ - 3 e M1 22 34

* NTU 568 R @3S e Y g% cndf$ > » T @2 £ 0k B 5 2870
i e g 1v o

A AUFIEE T 7 $30 NTU 568 7 # A2  erdse B % ¢ > B2 28 Kpnl &2
Xbal iz 8 4|57 e J2 48 pHRL » & 15 kV/em 0T 37 $* NTU 568 5 7 4
SR SRS - R i”rF Rl A A HEDA P o ud WEHTHERA
TEF THAEE DTN ARSI FRRTAER > FIU IR - i #
GRFIEE . A2E- HEHEY LR o

AT RESkEART FIR O F F @ AR hygromycin B Fult T 2 fE w0 m i fE T
M8 > ¥ NTU 568 43t hygromycin B e p 2AFuld 5 "L F R 8 (e R hm g > 7
PREBIA ZEREFEARDOGE B R AR F k& i hygromycin B T & iE ) en
AR ECE f 0 R TG B 3 R LR AR E E 2 F o BT #304% hygromycin B 4o
M7 TR ﬂi»/—ai p *v:‘ g g ek R G R 0 #d 7 oa A7 i & R (transient
expression) & ¥ w2 Z Fft L F] hph % X ] RNAIQ #7+4](Torres-Martinez and Ruiz-
Vazquez, 2017) - 82 F 3 ¢ » 3 @& * hph A Fi® 5 &E&Ris > &# 3] Podosphaera
xanthii (Vela-Corcia et al., 2015) ~ Rhizoctonia solani (Robinson and Deacon, 2001)f=
Ceriporiopsis subvermispora (Honda et al., 2019) % E FFF~ § B% I %‘r@ # Nk 48 >
M AR TR ende 38 ) CaMV 35S fads 3 A fhicii b ¢ 2 F BLE D) d RNAIL 4] 97
5lAz ek Tl Be e R AT > FIpt 4 F i AR T ks 3 ch ke 7?']%?‘;’5-@\% kig-
yehE gk o

L~ %%

AR T A citrinin 2 & & B 42 F] phsCT 0l iR € e J) f B4 pHRL> ¥ 12 = 5
38 7 2 J ) NTU 568 ¢ phksCT 5 Fliole i £ e 5] “$ » T 89%¢n citrinin A &
AR CHEFTEURATREL S F > ART 8- H RPN PFPRTH L FEH
BEFRR }ﬁ I B s iBFF 4o CRISPR 3% 17 -

rET RS2 “ﬁc‘ fmre BESE Y QAT E THFSE A AR E NTUS68
ﬁﬁﬂmﬁm%%’ﬁ%ﬁmw$& T4 DNA £ ~ F ip t8 4 &2 7 34 NTUS68
THAD S R RS BB F A% o AT Y U4 F Xbal T4 5 pHRL F#E ~ R 2
?%&ﬂNm%wy4%?WDMb»Wf«MMﬂi4ﬁ%%W6¢%FET’
v B E &g enil ] v F (448.08 £28.91 transformants/ug DNA) » & k7 i&— # §f » F
e fede F (b4 iz § ) A ¥ 9 GAPDH fx# + )y, AL F oo F e iE e A F(b 4
kanamycin F#ui 2 F] ntpll) & 74F 3 > & F 4 2 AR E S o
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FEFERF BRI E AL ERT PR
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#&

7 i 4 f2( Solid-State Fermentation, SSF)_iic # 4= & T ik 28 B ¥ & (7 4 ff chdkjie>
EFHITET -RFHE  BRLCEZFAFERZRY AR LR TS E A
G e pEE 4 A R ARR o Ap#Y R B 2 (Submerged Fermentation, SmF ) » SSF
L EROLMRBRE ROE AR T ARRP L2 BEXFRT BRI D
Hed oSSF AP F RBAR LA N H U;;M\‘/gpp.}\a,,b —R‘IAZ;F?J;JO ¢,
RS F BB BE S AFH bHABEFH BRI RBL BRI F RSB
o e TRA TRMFE AR R S % FRE&#“% iy ﬂﬁﬁpz*;qp
FIRvE 2 BB ,’l)’l]'lir'ZymOtl AP F R CENERYRE KD S
Fogp FAILFRAMNAKS A FrFg 2 B2 FE > 2§ RE *+,_%L
TR TR AR R AR T B R BRSBTS
W L RBALTE o PR AR E R R

;«;

’?td”‘w‘

Mok : LA (SSF) - 1 M 25 F BB

WEZ ORz LA AEL pH "F‘?L’E"I&l
ZHRA AR (G TH) W24 L~ 52 &FF ka3 o E-mail : chlin@nttu.edu.tw
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Technological Advances and Industrial Application Challenges
of Solid-State Fermentation Reactors

Tzu-Hsing Lin,! Chih-Hui Lin*?

Abstract

Solid-State Fermentation (SSF) is a fermentation technique where microorganisms grow
on solid substrates. It offers advantages such as simplicity in operation, minimal equipment
requirements, low wastewater production, and high product concentration. SSF has been
widely applied in the production of food, feed, biofuels, and enzymes. Compared to
Submerged Fermentation (SmF), SSF is better suited for fungal fermentation requiring low
water activity and demonstrates significant potential in waste management and eco-friendly
applications. SSF bioreactors can be categorized into four main types: tray, packed bed,
rotating drum, and mixed reactors. Tray reactors are known for their simplicity and low cost
but suffer from poor heat transfer efficiency. Packed bed reactors improve efficiency through
forced aeration but face challenges such as substrate compaction and uneven heat dissipation.
To address these issues, researchers have optimized designs, control strategies, and
mathematical models. For instance, the Zymotis bioreactor effectively reduces temperature
gradients, enhancing production efficiency. Despite the advantages of SSF, such as low cost,
high efficiency, and environmental friendliness, industrial applications face challenges in
scaling up and process control. Future research should focus on developing kinetic theories
and fermentation monitoring technologies to overcome these limitations and expand the

applications of SSF.

Keywords: Solid-State Fermentation (SSF), Fungal fermentation, Bioreactor
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HEL AW PSS RBhBEBe I £ PR

FCALEBELAE

AN Y RS SR AR L AL E R ST hE & T o
EAoam 2600 & 0 B E A gFaivr Hivsge  F AR OERS T G AR
# Rt E o blAeB sl S g BoiFpE 4 B R ch R B (Tempeh)fr Ontjom ~ ¢ B <
EEfe® FF M E P ARy o %’C‘,p’z % i iF(Krishna 2005; Sato and Sudo 1999) -

hiEd hz L & > B2 (Solid-state fermentatlon SSF) 2 $ HiiiE 3 % 3
TREMA FL A SRR AH (it 2 A R AR %&Lfﬁffﬂ‘ Yodk ) ~
Hiwe oo T g~ 2508 a5 R vl 82 5 d s

£ 2 i i (Submerged Fermentation, SmF ) g+t » SSF & § f M & > ®
BIAZEAD RO MAPTFERAFMAT A0 4L > 2 W HEFLR %G BB
K PRtk B A RR o 2t SSEFEH A ol P S a1 £
BERE E- HHEAKEIPF AL FE REXZTEFEAASFFRETRBR
f1* erE & Bt (4 1) (Lopez-Calleja et al. 2012; Sun and Xu 2009) -

AR A EhA o SSERATEAR LY RS ASL > ¢ FTE R
T feh4 $ 3 4 (bioremediation) ~ A 2R £ 2 1 £ AP F 3 F F Ferrd
(detoxification) » 12 2 & g4~ F » % 1 & fheh2 k3 (bioleaching) (Krishna 2005;
Motta and Santana 2014) (% 2) ° SSF & B ¥ 3 & i@ i * B ES > 5 %k

AP EAKRET T AR EARD PRI 2 hoRE ) Mo i AT A
PR TR F 2 R ER KL A SSF Rl o ReE AR SR LB e B
AF A2 PR 2 FRE ARG EEA A F - F FE o gt oh > SSE RN
W IRFPWRAF CHEFFAA S ENIAIFZ I ERAY  RERS
@ F R > - HERAHL* Y @ (Mattedi et al. 2023; Yafetto 2022) -

ARNCE T Ry

FREE R A e LB &;7‘\'7”‘ PEHLK e A gﬂi;ﬁpﬁq@xﬁ%—% 4"—?’@%?
ﬂﬁ‘ﬁ%f&ﬁ#ﬁ’ig“Mmﬂ&&?ﬂA$Lﬁ$x Hde o T
FELEFRABE AP ERB - FIFH {8 M RIEs REFE REREET R
FLhE FE R A EARECE A A S N ARE e L1 £ 2 bl
ARBHEOMEE . LEMEE AP RES F F R BAHFES ADFR BT
B R T S < RAEA A A o

Q‘”ﬁé#i%—%’ﬁﬁj}:r‘]@g FEHIE e A N4 PR B TR A R

(Mitchell et al. 2006) » P~{8 £ X e B - I B {3 2R /br‘mré, 0% %> ER TR
PEREHERL S RE LRARFROLG S %”f@ju(masstransfer)z ¥a~ & ¥ pH
ERE PR FR B $ S I S ATF R &
WA FERE S KA E 25 LRGBS B S BEAE B BEFE
e * (Papagianni 2014) o

T
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B A P F RBITEEP IR R AR F A E TR
reen ik iR R BT B4 BI2 (Kinetic theory) ﬁﬁ%ﬁﬂ?(transport phenomena) £
BB H07 0 B 2 R E e 4] Kok (Arora et al. 2018) o g E 1T E ke - 2
EPFE R R 0 ¢ B R LRGP UARIA SR R AL R R
oo S H SRS AR

FlAEFEHEMFIE K A FrcE 2 HRB G s LR R BT S
Sk R AAREIERT Y ARFMEDG T LPR o bldoF BRIl
REAIE DG R BERFHERERSR LR S AR TREFL AZ LR
SRR Lo F i AR AR o

%2 %5 = (Bioreactor)

QAFRFMS 5B R N IR L A A SRR RRTE
Bl RN SR A ot o} MR o AREERY # 7 F F DL SR
BT A RPHE A L E RS BT BTN PELR RS LT
BFELAEF A ROEFE A RARIURRE > A L ER S BEOFLEER
R R SRS LR

AHF RBEF RS LR R R AL E 4 o% 418§ (Mitchell et al.
2006) « MAITPFALEFFELLF BBLEF 2 A

- ~ k¥ L $F BE (tray bioreactor, TB)

b Eanga] BRALRAT L AR AR LR IR AL PR
FOoRFTIFUFIKEEF o RE T BEY K2y ORI
EEF AR RBRR > F BRIV UARTRERFAREOHEIFE (WD &
LF A ACRESE K B 4R g A 0 & 2 4 & 8 (Khetal 2011)

Dhillon & « §1* 2 435 (Aspergillusniger) {2 < A # (Trichodermareesei) i&
FREFRE TR FMBAERRF A AR AR R AR - %Y o R
EAEARE 345 (32) TR BPEAT > T4 40x26x 12 2 e Biedi? o i 96
JREeERE BT R AR chik g s (cellulase) - B-% § 4% H 5 (B-glucosidase ) -
FI* BN FERE I E R AR ERRSF L AR A ER 0 2 WA Ak R
i R B ¥ A b % & 9Tk 55 4 (Dhillon et al. 2011) -

S gpanpee RREfoRS A 2 A g FPFR G VAR S5
HEBFRE 2 BAREFHRILRET < -G F 411" 2 497 (Aspergillus niger)
FRFEA ZUF Y e 2FEF I ARFEERAE NPT AL ER AP RS
#2¢ > F AH 4747 -k £ (initial moisture content) &% (>70%w/w) > ¢ H3 F
FRETHESGHERCEATRRE S AS EREREL . PR A T KR AR
5N B AL B Bk SpF el 4 28 (Pau et al. 2023; Yafetto 2022) -
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2 A FASERHF RBOpime B oo £ R PR

Figueroa-Montero % A #7737 4|0 387 § BHEFEFL AL TR T B E NP
Fodo@ 27w > FREEAY RERES AT L L AFTENSR G EoRHEE
BEE (Qent)s FZEHF RINDHBESHFT BEHT (Quenp) s AF £ 0 Flas
AESBE (Quap) B BFHEREFER BRZ KE AP ISR ATIER
@f'”‘i‘g*wfﬁ?/f Feehiy B2k TEe i E{r R 0BT Foo g o B N
* 0238 F ¥k (Reynoldsnumber, NRe) % 2 $+ F BB REING B § inend e =G 3
ﬁfﬁﬁ" AFfad R~ EINZF 2 § i A (Figueroa-Montero et al. 2011) -

R oo ipk GRS KT N8R ‘g’?ﬁ%f o s LR FIRF R ETA K
(Khanahmadi et al. 2006) 7 FAFEEUAL R NS L AR LR

i
B od NG WP FAERF R e d > AR fi;: ] o F P
iy 18 A% ’F"?O#Jw-f;i ok B Aes B o A R pE Sk o
- ~B k4 X BB (packed bed bioreactor, PBR)

FR Ok fudt o o ERRATE LA S Pl 0 Bl TR F D A g
FEORE U MERERY FEOREL D F LR o e 2RI FEHE
PR gl AT BN AR RS FRERE B PR TR
AEL S TRV FLAEEE CBFAFSEFORET R E L Ak B4
# G ErcF (W 3)(Aroraetal. 2018) ° R » ipfE > 2+ § Hik 2o SEF Rp x>
B PR R e 0 BB e G TR - AR AR e
A e ¢ BEF WioR o » &n PEFES o

S ﬁ#,i—j%fgﬁ FA {7 393 R AL # - Melikoglu FAEmI e rRdse
AR o PR e T PFRAT 0 B FfFR (Aspergillus awamori) > 2
A § ##k pv (glucoamylase ) fr3-v ¥ (protease ) e A3y # I BB AL il 5§ £ 5
15vwm (BBEiFETELEFMFRAT DT §F BH ) =~ Wfrs Feid § ﬁﬂ’figﬁﬁff
pralAz A 4 7 2 5 (Melikoglu et al. 2015) -

ERF[EAE Y ELREFEWRD o FNE RS, 0 W EORFER (water
activity,aw ) % B ¥ Ji& 4 ¥ Aspergillus uvarum 78258 > B2 2 fscng £ '3 < (Salgado
etal. 2015) B F W E § ERAFT KA ZEFRIH T 24 > 2 |22 Fend £ o
BAIELF G F BEVEI ORI BATRGERG RLE R ~HL R KD
BAFEUEFE R L NEEERSFTE T o b4 §1* Bacillus subtilis 2
AFE FA IturmA Bl Az o F MR 2 g TR R (y-Polyglutamic acid)
2 Ao R AFIAR YA JEA F Mg d WiEDT F £ fri#F F (oxygenuptakerate )o

TR R T * Aspergillus niger ~ 42 A& % %L fs (pectinase ) sh A2 ¢ » F #f
BT 2200 2 E Lk B REY 0 SLE 20 27 $ 450 A AR A 30°C #4740k
BT E62% (ww) FF o E* PG4 & F 5 1350U/kgh > M3 3 5% 3 14,4 F
f@sgm1930U/kg'h°éiiﬁ‘ CEFIG AT ARG AT I-FF RE R B ﬂﬁ’ %
RZFRAIE ALY 23 37°Ce 5 7 e LA AEIE R > - 10%:nE B 2 4 Kig o H
4\:&%13“!‘)%;: R EZFABILT O FALTHR? FERTER LA o RA o BT E

l_
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LB ERAFAIETE (810 Ukgh)o 4ok #AFRBH 4D 30 27 » § 4l AF
pPARGHRIL RAKER LS RRRS g AARSEYFREFERL
FPE 24°C > A & i‘a%“—"- 1840 U/kgh » I‘Eég@_ﬁﬁ #E R f‘-—fr’% My ARG A
% AE Az v 4 2% 5 F)E(Pitol et al. 2016) o

BEFEAT DS (GloR S~ BAE v B AT R -‘iﬁi)%%
AFESE (et A R FF VB AP A S T e kR ) P AR F R E NI
A % v A & o Sangsurasak f= Mitchell B4 7 — B £ L #FH-3] > 3 » 7 Hinfe gz 3

BoRERET S BFRZHEBEIRDREEF o 6 P 'FHT" SR S R
BEFRHR AT R BRSPS T g £ T (Sangsurasak and Mitchell 1998) o
Ble & 0 FHE Lk AT R f &~ (volume element) fr7 Fe i@ #4484 58 e
w0 7 Iﬁa?ﬁ‘—lﬁ o kveng £ T # (A28 1)

PoCon St + (PaCpa + paf Vo o = 22 (50) 4 &y (L) + &y (£5) + ps1-€)Y &

Eq. 1

e -m]t‘ R 4 9&& ip;r_ff« ‘fr’}%/%i_’rf‘]pb'éﬁ:(cpa ft" Cpb)A\g_JJéi;fj\};‘F%;gfg(T>\
A ARER (Vo AR RESF (k) 2 f vk j A R PR %1 e ()
ket (M)~ 2B EF (e) e A S (Y)-

2

Weber & 4 @& * 4% ft 37 122 ( pseudo-steady-state approximation ) 7 7 7
Coniothyrium minitans 32 =+ ) = PR B % 1* #1720k T fren8, 28 (Weber et al. 1999) -
FrE T  RITgrmitv IR R RG> B Y F AT ARTE L A
S nE il (AR 2) TP - HEmPEARE K E o o

—roH
ha(Tout)—ha(Tin)

ggm&gg@%ﬁ@gé@@;ii’iﬁélﬁ%’%¥%ﬁﬁﬁ%’ii
g REARRARE > P AL L0k o ATEINER K ) WERES NN &
{ﬁmﬁﬁ-A%oﬂ&’ﬂuq%4$ﬁvm;’_kaﬁ@@mﬁﬁmv’@
W@ hA? FRBOERSHIT R EEJ 2 ERDAFLARL E ) > vy 20
AEEEBE REY hg f R R RS BRI E

50 RJRiGEH TR AL > Roussos FAH N T TZymotis | F IBEE - 3%F BEL T
W A BAEARF RE R C F AR A Y AN
(Roussosetal. 1993) - 3% 4 4 & B BIENE 7 & 4] » 4L B =2 7 " Prophyta | = # % 3t
A A4 FRE 4R 57 > Zymotis 2 FF Ed - Bd RS FHEXGuE £ S
o R PTEIGKG - BRFREEITEAGRGE S o LRI F A PP T

BXH ] r]\l}“I%\,::n)x \f”fr'”" I "#E:F r’—fr—ﬂ FAme KRB F BAPARINL B gt
Mo AIrE (BB ) AIRR 5 BINA 73 FHEEEA LB foR
4 VLS BIRA R INE R 5 F (Mitchell et al. 2006) ©

Foir = Eq. 2
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Zymotis thiBEASFIH 2 KA AR I A BB E o2 F#IL - Von
Meien = Mitchell 14 2 Mitchell & 4 2= = 7 Zymotis e & 3 #H57] g s S o1
BHRE L EF REBARY O RTAREDERFREPF ] o AirE L B R A R
TR AAF LRI ERFII Y IR P EARY o HEFEFHR TR
Al T EE  BEAR € W de 2 A R R 0 AR F AT FREEAEfokAs T
g B B AIATR I o A 0 T U R 4 AoaS T e g A2 S £ (Mitchell
et al. 2002; Von Meien and Mitchell 2002) -

= 4c}§si 4 3% F &% (Air pressure pulsation bioreactor, APP)
FREFEEN AR FAAERAI - Ao N A IR EEAE
ﬂﬁﬁ@@“é@zﬂuqkrw**%ﬁ%%JW@%ﬁ(%ﬁh®b@mmcwm-
state fermentation, GDD-SSF) o igfi#itrenbf 4 A3t M A R F > S35 % 5 &~
KR i3 5 Sf« LIESE R {p&?%m cikm kB F RA -

% GDD-SSF ® » 3 § # R} A 2R T R4 > 35 kR D BRF - §F W
ERB R TS ﬁgufﬁéﬁk@ﬁ LA EE N o el BRLY - Rt = s £ G-l M A= o A 1’ F gﬁmg# )
BRI ERE BE ﬁ%%wmﬁﬁﬁv~°él EiEF A RET 2P F
BOFREFT - FRBELFD 2 HBHRF %m;ﬂ#¢9$’\$%ﬁﬁ@ﬁm
2 L PEHEF > e Trichodermaviride e f@BE ™ 2 L 284 R 2 Ehg2 |
Ao R RS FEFRE > AE V&3 = B (Taoetal 1999) -

R4 end i AR z'%rs w P % i AR rs,;qa E R RAEE ﬁ& E 4c)f§@,;p4 B4t
FRRE T o0 B p RS A b e R 0§ A ERE R Ra o B
bt g A REMOF LR @i@g@ﬁégﬁﬁ%mww,~¢ém‘go

Aijun & A 7= 7 7 R4 &ty (pressure amplitude, PA) % it 4 Bacillus pumilus # 2
il B0 BF B o SEF PA S 4 (0.05 40 0.1MPa) » 4p #i 3 %k 4 ¥ -
vofE S b (63% v 95%) o e PA 4§ pF R 3 4o ¢ %‘rﬂﬁl_\}’fr’]\& ZET “§ ’
AEEREM B ﬁrsg:v ERCE AR 4 1 B ECE Sy Bfﬁv Gyl F AT AR ARMLS

SAMB L6 2R AEREFR S (Ajunetal 2005) - & Hongzhang & A %7 3 ¢
70 m3:#1% ﬁr}gﬁw}ﬂﬁsﬂ/ihﬁ Je By S B SR F TR S 15 kg cm2
§=0.05 kg cm2> 12 s 3% Bacillus thuringiensis eh4 £ 3 & # B % fFid it o B4 B 5 3
I+t B /2 & {opk % 2 A (Hongzhang et al. 2002) - Chen ﬂfr He % :* 7 Honeycomb
Loadlng Device (HLD) > d 4 137 45 dn ¢ 2= £ B2 122 K & Ba i 175 254
Pefe Ak i T %4 F 2 (B 6a(Chenand He 2013) « 4k ¢ g A= 5 — £
BB £ AR HLD ¢ > B~ ¢ > 238 SR B - e faR ey 0
PRGE s I el §f KaFEkR (W 6b)- ;«?‘J’?ﬁﬁ%lﬁ TR R %
[ J\i TR & SuemE B 0 % IR Bacillus cereus DM423 iz + 5 |4 22 A Y

—— A B

'

L3

» ABRAITA B @ HLD S # #3042 £ 10 o
iﬁﬁf‘%%%ﬁm%m SRECEAABAGPPRATE LR L FWERS
04 B g R S RIS P2 EREEAE Al d ER T Y T
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MRS AT AT L ’f—tf&%‘r“ s RS B bl4oH B R B & fia(polyurethane)

ARIBERAE > BB ATV FE R RS 53 i 48 (Salgado etal. 2015) - B ¥
FAW@DD%Fmﬁﬁ’i#ﬁ@glfﬁwﬁm%m#F%*wkﬁ@ﬁT@F’
LR ERE-

r  FHRARFREDFAEFEREL S F BE (Intermittent or continuously mixed SSF
bioreactor)

THAPF RES IR o I L F o R R BER A 4L
MEHB IS BE M AT A HEBRIRTF IR L R e f 0 KA g
TE FAAA B SRR R o TR E G MR AR BT
g ~%’@*%ﬁ#ﬁﬁﬁﬁmﬁﬁﬂ%’%m@iﬁ#ﬁ%%?#gﬁﬁ
R o

338 & E (Rotating Drum Bioreactor * RDB) 7 4~ 3 ##38 foik F 3% o =48]
FARFESAF ALY P URES Gy gl §FWATEINE B o 5 F
B+ e T it @ R F R i:@;ﬁ%l}ﬂpﬁ Al o e fBFr BE
R R A P A TEA S (M) PR LSE E e
ol o RUEFF R BRSO 0 HE BRERILN I P e EF o F o
AR F B E S B A EN R ﬁﬁl FF R BRI AT S - T
R T RGIRRGEAAT O T EREE T APFREET P - 2

FEFREIPFRE (M8 f* e R @ RAT A
LI KA R IR U g B o AR R (L F
WEARY IR s R R R o AT KA Jof
BREE R T BB T P2 R BRI e
fo R GRS R Y & P U] gtk R B e * (Mitchell et al.

w&gﬂw‘ﬂg

2006) ©

zwﬁ%*ﬂ@%ﬁ@ﬁgwﬁ*%*&a¢@, A FERTE S L
R H g cBget iR 1@‘3?4 LERRE a1 ’}‘ﬁ;ﬁﬁi“ TR EFEEAERT
Pifrf AT @ &% WA REFEL A - 2 H 2P Biocon Kttt K B R
PLAFRACTOR i j& {8 & (Suryanarayan and Mazumdar) - 2 %3 RIZE A4 0 F BB
PAe AP R R e E Ak R R ’%iﬂ oI A BRI R
RUug:eiidg ~ReoRAA I LZP o X3 d J el (H9a) =+ BH
d Kotz zggbﬁv‘siﬁéia%i%g’f (W 9¢c)> F B FiE A ( e Y
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Composition Analysis of Piper betle Linn Leaf Hydrosol

Hsuan-Yun Chung!, Chi-Ruei Huang?, Chi-Chiang Yang**

Abstract

Betel leaf (Piper betle Linn) is one of special crops with significant economic and
medicinal value, often referred to as "green gold" in Taiwan. Betel leaf is widely used in folk
medicine in China, India and other countries . Taitung county is the largest cultivated area of
betel leaf in Taiwan. Previous studies indicate that betel leaf possesses antioxidant,
antibacterial, antifungal, and anti-ulcer properties. In this study, the acetyleugenol, methyl
eugenol and eugenol is detected in hydrosol of betel leaf with analysis of high performance
liqguid chromatography-tandem mass spectrometry (HPLC-MS/MS). The contents of
acetyleugenol, methyl eugenol and eugenol are 2.4ppm, 0.3ppm and 1.6ppm, respectively;
these three chemicals is evidenced in antibacterial, antifungal, anesthetic, promote insect
pollination and so on. The results provide a different thinking in application of betel leaves
in Taiwan but it still needs more studies to clarify the unique advantages of betel left to
support its development.

Keywords: Piper betle Linn ~ high-performance liquid chromatography-tandem mass
spectrometry ~ Antibacterial
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Development and Sensory Evaluation of Spontaneously
Fermented Tomato Products

Hui-Chih, Chen® ~ Tsung-Huey, Lee! ~ Chen-I, Chen? ~ Chun-Lin Lee! ~ Chin-Feng Liu*

Abstract

This study evaluated four types of naturally fermented tomato products, categorized
based on different ingredient ratios: Solanum lycopersicum fermentation (SL), Solanum
lycopersicum complex fermentation (SLC), wild-type tomato fermentation (WT), and wild-
type tomato complex fermentation (WTC). A consumer sensory evaluation and purchase
intention survey was conducted, comparing responses from different age groups and
occupational backgrounds. The results showed that SLC performed the best in terms of
appearance (4.3£0.6), flavor (4.1£0.5), texture (4.2+0.4), and overall acceptance (4.3+0.5),
with significantly higher ratings for appearance and overall acceptance (p < 0.05) than the
other products, and 72% of respondents expressing a willingness to purchase. The SL product
received scores for appearance (4.1+0.5) and texture (4.0£0.6) close to those of SLC,
indicating good market potential, with a purchase intention of 65%. In contrast, the sensory
evaluations for WT and WTC were lower, particularly in flavor (WT: 3.2+0.7) and texture
(WT: 3.0£0.6). Although WTC had a slightly higher appearance score (3.5+0.6), its overall
acceptance (3.2+0.5) remained significantly lower than SLC and SL, with only 38% of
respondents willing to purchase. The purchase intention survey also indicated that consumer
demand was highest for sauce-based products (73%), followed by soup-based products
(61%). Based on the overall evaluation, SLC was identified as the best-performing product
in terms of appearance, flavor, texture, and overall acceptance, with the highest consumer
purchase intention. Future product development will focus on refining the SLC formulation
and optimizing product formats to meet market demands, particularly in the form of sauces
and soups, to enhance consumer acceptance and market competitiveness. The findings of this
study provide valuable insights for the improvement and marketing strategy of fermented
tomato products.

Keywords: Naturally fermented tomato, sensory evaluation, purchase intention, product
development, consumer preference

! Hui-Chih, Chen, Master Student, Department of Life Science, National Taitung University, E-mail:
greenchih@gmail.com.

! Tsung-Huey, Lee, Master Student, Department of Life Science, National Taitung University, E-mail:
nicklee418@gmail.com.

2 Chen-I, Chen, Professor, Taitung District Agricultural Research and Extension Station, Ministry of Agriculture,
E-mail: 652@mail.ttdares.gov.tw.

! Chun-Lin Lee, Professor, Department of Life Science, National Taitung University, E-mail: cllee@nttu.edu.tw.

3 Chin-Feng Liu (Corresponding Author), Associate Professor, Continuing Education Program of Food
Biotechnology Applications, National Taitung University, E-mail: cfliu@nttu.edu.tw

96



FAAES L HEF 2024 14(2) > pp.95-105

I

o

# 3 (Solanum lycopersicum) & _ >3k &R Zfatefoi) 7 HR A &2 - » HEF
FAAAIRM AR RE GG P FHpFHESY I G LR o R EHS 2
E#ws (FAO) #+ 4 > 2020 & >k f4cA £ ° 4246 1.8 if(lzzoetal, 2022) » i
AAMEHET R TR CERed B o P {iTA R A hgicd AR B30 27 Y
R - AR o EF L ERNEN oL AR P 0 Fich 2k A iR EE
THE P EHEGIHFERNAEGFOFEIL e F CoBAF A
Fpafriciz % (lycopene) (Amr & Raie, 2022; Perveen et al., 2015; Shi & Maguer, 2000) -
ivk & FIE g o L eT A PUR S ILE S B BRI R HE 7 icke R
1Y Rl U I (Ozkan et al,, 2023) o SE ¥ 2 IR EIER A S DB 2 UTH 40 > A0 TE
oA RER G B § F F R4 & (Salehietal,, 2019) < i § K bR 4F }
Ul IR ol - A Rk T lfi’"%?fﬁ%“% Ffokipl ot A el o Lfiviea
B 2o o de L e S AR AR A iR E 0 CRIER AT S RS R
Lo BAER cEEFFBEAHNEH > TG F I EEL A "F’“’f”t’mja A i i
it 3 W aEE a(jérmlg-?ﬁﬁﬁ 1B A A #rrnt"# B % x% Bk vk o b hogd
AR Y PR AR SR fae? RS A HL L % v;ui:cm’?,}\ F: R ST sy
g L driv e Ffe i@t ST R oo b BFEEE A G R ik B G
LR EF o PR R F R R R R & A &9 F £(Zhao etal., 2024) -

EaY Sy 7 i ]ﬁf‘f'“* :& if’fﬁf—ﬁlﬁé‘ﬂmaﬁ v A S MY ‘~$H~ [ B N \ﬁﬁ'ﬂ]ff';’?: R
o TR R F SR R A SRR LET R R ﬂw’ff"‘ﬁﬂ ¥ AR
FARLASRAROFRE gV H RSN el E R E R B LR T
REFRYFEME I RFEEICASORE - BT RE A S B 2 H R
B LR ARGER S LB R LY R o

AR R ot - Bt

- ~FpE iz fivindg

FEHRMAEA KAWL 7 o2 Fic W2 G2 A mELESHMER S AT
P A B A WL kAR D S ALK o AT EY 3.5kg % 0% 0.5kg A i
=& R i’lﬁ}f?*‘ifT‘/F e N RICE 2R RJIE o RS end aivE g KA {8
ERAN CEBE®E (A Cu i o#) BREENIRH(AE s 0 )
AR A GER AR T ALY AU DEANFETHEEE P
FrifAedF A 42 % > TABFRIRBVUAEFEASST  FELECASRRDIET A
Zwsg il FAacHE 2 (SL)~ 4 ficiF > (SLC)-HZ 3 ficHE > (WT) 2 B
A > (WTIC)- 2 # »H > &2 5 (SL-~WT) ¥ * ”é;%rg?;*ﬁi}ﬁl#‘i’iblwﬁ 3%
(wiw) ¢ @858 B 45> A% (SLC> WTC) R & ik ¥ 37 7F i 4o e R I
(1% wv)~2F (0.75% w/iv) 2 35 (0.75% wW/v) > TFEHTH 2 LR E 1Y

97



MAK 334 MRS - FUF P4 A RPRITASEF 2 AP FERT ST

ﬂfll’;f ﬁ?‘i@fi"'ﬁ‘wi@ 7 o

B P RER
W) 15 2 4 soor it % Bl el o

Figure 1. Materials used in fermented tomato.
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e A (3. 70:&048) 60 A& 14 b e o 50K(3.00) > Bor 2 e EE R Heb LIRS R
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(2.38+1.19) » A7 3% & dL & um.mqn IR E o RS RS 5 0 2130 A
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Table 1. Sensory evaluation analysis of SL naturally fermented tomato products

Age group (No. of people) ~ Appearance Flavor Texture  Overall acceptance
21-30 (8) 4,00 £0.76° 2.75+ 1.49° 3.00 + 1.20° 3.0+ 1.492
31-40 (8) 400+ 0.76% 2.75+1.49" 238+ 1.19° 3.4+£1.28
41-50 (10) 3.70 £ 0.48% 3.30+0.82% 3.10+0.74 3.3+£0.922
51-60 (9) 4,00 + 0.50° 3.10 + 0.75% 3.00 + 0.87? 2.6+1.12°
60+ (1) 3.00 3.00 3.0 3.0
AVG 3.74 2.98 2.90 2.94

SLC * R fichk Fihp F Bl b drd 2977 o L B8R $Ho Lot B 4
Y B H P 2130 K EHGRES BB (4.40+0.70)> H =% L 41-50 & E3(4.22+0.76)°
WA S o P HHSLC AR B L AR o bk 5 0 4150 RORHAREAS b
B(4.22 £ 0.67) > Aom iz E &k 3 SLC & &8 sk L REE o™ 2130 KR
ST A (4,00 £ 1.25) o v R IRA 5 31-40 K m;f—%u\ﬁxrs (4.00 = 0.76) > 41-50 %
EHBEEH (5(4.11£0.60) > BT %A 0T QR B AP B ERENT Ko FHAEL
B oo 41-50 FEH TS BB (4.22£0.67) 0 @ 51-60 # ¥R (3.70 £ 0.67) >
T Fl R AR R R R ARG A o AT IOL L4000 5 E3TIE P P A
bR WP S T HVASPERA RSN LRR -

%2 XRFFELICA S SLC B | &4 47
Table 2. Sensory evaluation analysis of SLC naturally fermented tomato products

Age Group (No. of people)  Appearance Flavor Texture Overall acceptance
21-30 (10) 4.40+0.70% 4.00+1.25°¢3.80+ 1.142 3.60+1.262
31-40 (8) 4,00+ 0.76° 3.75+0.712 400+ 0.76°¢ 4.00+0.93°¢
41-50 (9) 4.22+0.76° 422+067%4.11+0.60¢ 4.22 +0.67¢
51-60 (10) 3.70+0.482 3.90+0.74° 3.8+0.79° 3.70+0.67°
60+ (1) 5.0 5.0 5.0 5.0
AVG 4.26 4.17 4.14 4.10

99



MAH LR IR LAF R TARMETASE R R PR T we ]

WT = B3 prhicA SR ¥ &’L*%s’w% 347 o B F R AT 21-30 KRR
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R 3= dp 353 o e ivEgor 31-40 A EF AT 5014(2.12£1.25) > @ 21-30 g EHE
T 5% (2.831£0.98) AR EER R w0 21-30 A EFE TS &3 (3.17+£1.47) > e 31-
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Table 3. Sensory evaluation analysis of WT naturally fermented tomato products

Age Group (No. of people)  Appearance Flavor Texture  Overall acceptance
21-30 (6) 3.67+1.37% 2.67+151% 283+098%  3.17+ 1472
31-40 (8) 325+£0.71% 225+0.89° 2.12+1.25°>  2.12+0.83°
41-50 (8) 3.38+0.74% 238+0.52° 25+053%® 2.62 £0.52°
51-60 (10) 2.80 £0.79° 2.40+052° 220+0.63°  2.40+0.52°
60+ (1) 3.0 3.0 3.0 4.0
AVG 3.22 2.54 2.53 2.86

WTC 2 R F v A SR PPl 8% drdk 4977 o hvR > g » 21-30 gk %30
= %% (3.29+0.76) » . 31-40 ;ga EFTA f M (3.00+£1.00) 5 B * I E # K HiX
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Table 4. Sensory evaluation analysis of WTC naturally fermented tomato products

Age Group (No. of people) Appearance Flavor Texture  Overall acceptance
21-30 (7) 3.86+0.38% 3.29+0.76% 3.43+0.792 3.71+0.952
31-40 (7) 3.57+0.98% 3.00+1.00®® 3.14+0.69° 3.14+0.69°
41-50 (13) 338+1.04° 323+124% 323+1.24%  323+124%®
51-60 (9) 3.67+0.71%® 300+ 1.12° 333+1.00® 3.22+1.09%®
60+ (1) 5.0 4.0 5.0 4.0
AVG 3.90 3.30 3.63 3.46
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Figure 2. Analysis of purchase intention for naturally fermented tomato products (SL, SLC,
WT, WTC)
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Figure 3. Analysis of consumer preferences for types of fermented tomato product
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Figure 4. Comparison of sensory indicators of four naturally fermented tomato products
(SL, SLC, WT, WTC) using a radar chart.
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