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Optimization of the formula for Apios americana Medikus and sweet ferment
rice cake and analysis of its nutritional components

CHEN Lu-Lu', WANG Hui-Li"", ZHANG Hui?, WU Lin'

(1. Zhejiang Vocational College of Special Education, Hangzhou 310023, China; 2. College of Biosystems Engineering and
Food Science, Zhejiang University, Hangzhou 310058, China)

ABSTRACT: Objective To develop the optimal formulation and quality improvement of rice cakes fortified with
Apios americana Medikus and sweet ferment rice. Methods Sensory evaluation and texture profile analysis were
employed to determine the optimal addition level of Apios americana Medikus. Response surface experiment was
used to investigate the effects of 4 key factors, namely the ratio of non-glutinous rice to glutinous rice (m:m), the
amount of sweet ferment rice, yeast dosage and Apios americana Medikus powder addition. Results The optimal
formulation was determined as follows: Non-glutinous rice to glutinous rice mass ratio of 6:1 (m:m) (total 500 g),
sweet ferment rice amount 152 g, yeast amount 5 g and Apios americana Medikus amount 45 g. The resulting rice
cakes exhibited a milky white color, intact appearance, uniform internal structure, fine and dense texture, as well as
intense and pleasant aroma. Nutritional analysis indicated that the product contained 44.7 g/100 g moisture, 6.8 g/100 g
protein, 7.48 g/100 g total sugar and 56.3 mg/100 g flavonoids. All physicochemical indexes were in accordance with
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the national food safety standards. Conclusion The optimized formula not only significantly enhances the sensory

quality of rice cakes but also enriches their nutritional composition, providing a scientific basis for the

health-promoting functions of rice cakes and demonstrating important practical application value.

KEY WORDS: 4pios americana Medikus; sweet ferment rice; rice cake; formula optimization; response surface experiment
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LI RTINS R AT b U g R, i
B AR EA o-HIAIWEH R HIVER], AR Tk
BT, B IR PR | NERERE St wife /NS g,
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2R, BWTE AL T BA AR XK KRS A28 o (H H AT
T b AL GE D REMEOR AR KR B —, B b 23 B 2 S AT £t
RIS, B BRI OROREEE R MR R K
WAIR KT 1] o DAL, 7EGRAERCE dh B RTEE T, g
FRTEREE R A 1) PR AE D REFNE SR (A 5 T ik PR R AN F
FEMREL, Rk, ASBESETE L GEORRE I T T2 L, A
B PR B ) R 25 TR, S 0 5238 LA I8 5 I
Gy, FHE IR ORKERC Ty ARSI L, 7 A TR R R L
HeH—E RAETIRERIOKRAE, S RRE R PR e T RE SR Rt 27 5
Fr, HAHREM N HAME.

1 MR5ERZE

1.1 MRS

FR (RIEVLAC AR ™ S TF R ATBRA FD); R RE 46 oK
(PSR EAOMV R AT R R, B A RE (5 () PE iR
FEEERHECA BRA A, s MUK 4 BRI BRI (RERE
Je A IR EOR O A IR FD); R (e DRI I 28 5 A
FRZS W), SR, EATC M AR B e BH 552 30 5 1t 4 1 17 i i
S 2ET R AR

P (Sl =98%, KAMETATRAR); PrIRmmg | 4
ZE BT BER (BEEE 98%, bt fb T ARWFFEBE); Ak
Lo ral, IR AR A B F .

1.2 UFE5E%

FA2004 HL 40T KPR 0.1 mg, R4 FF}
ZANRSH PR F]); GOOF23CN3LV WUE A (4% 22 A1 4 [
A BRAT]); DC-236SZ Vi & 56 DB 2 WA CTC#)) A R
F]]; SK2-922+2S+2B Z HJREMEHE . SM2-704E FAXUP GBI 22
JEFE AR AT PR FD); DM-5005 TF-H5 D iE A6 (15 ) vE 4 A A
FRAT]); SZ32B5 ANE5 M 25 Jat (JR 0 /K L A PR &) );
CZC-A5KO03157 )2 PUE Y (R SETH R I F BB % 75 A PR
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AT, 1) K Brookfield CTX JFAAAY (35 [l B 36 4 7 - 14
KATD; TQ-1500Y 1= 1 2 DR ML IR TT R AL A T
TR ), TU-18106 50T ULAME G T (E 5t E v i
LA BRTHEA H); TG16-WS 3 md g OpL( 122
EREEALER ).
1.3 SKWHE
13.1 SFERKEERAFIMELR F R HE& I LR

(DZ2EERKKE T 2 L Ty

FE LR ST, 38 5 sl AR AR AR 1 E
B(0:5, 1:4, 2:3, 3:2, 4:1. 5:0, m:m), BAAE K 500 g, W
BRI ZS N0, 50, 100, 150, 200, 250 g). BERFRANE
(0.1.2.3.4.52), EFEHIINER 0%, 4%. 8%. 12%.
16% . 20%(5a B Fi KA BB < IR EL B4 5, 4ok
150 g, ZHE0HE 50 g AR, 25 B R EE AT HOKAR
K 4:1 (mem), WEESRRINE 150 g, BEERRINGE 3 g, B30
TN 6%, Wit KAERRT PN B FE PRI £ N R X34
TR AR A RZ IR o AR FE AR AR U, DU SRR
HORSE, BEIMARE S0, 20, 40, 60, 80, 100 g)
TR RREARIRR M AZH, B4, C41. D41, E4H. F4l.

Q)EFEECKRERIE T2

TINARIEE L 500 g JOKRFRMAKE, THIE FRRE
G W T KAy, TRABEENLH, HIA 150 g WA AN 150 g
TEK (LA 3 TR RO ) o 4T 2~3 min, HEFTHK
MIRARIE . BT IR A R IR 0 B U 0
i A 0%, 4%, 8%. 12%. 16%. 20% T 2EH85(0.
20, 40, 60, 80, 100 g), FFMIABEEE 5 g, FIEMHE 50 g, 1B
H¥5), BREICERR 55 D OREEE, TS EAL, B
AMEEFEREE2 h, BRI N 30 °C, BER 75%. K
BEEs R E, RS SR B HE— N R, AU R T
FE L, B ABCELAE R KM, 8 401, 4kSE% B 20 min, AL
ZEFRF] 2100 W, FAIZE 15 min, T 5 min, BUHH)
RS 135 P A 200

1.3.2 & 3FiH B R R Mo

A5 TR g 1) R R AR TR TR 58 2 H S TR,
W KR 2 bt TOURR RSB, I rP )R 4, B R AERE i —
YIE S 20 mm=20 mm=20 mm B IEJ5 A, MHREREEIR
Wl AE 25 °C, MXIR N 60% . A 5T R A K
Brookfield CTX JiAff¥, i [f] TA-25 HIE#H %, B4
Texture pro ¥, 1 mm/s (W3R, {F 5 Hi 43 #r
(texture profile analysis, TPA)IIK, AR T EAE S 4 mm,
filt AN 5 g FERITIE] 5 sPU. ARSI 9 Yk, By
3 Hr, BA5hRE SCRBUE A R 22 (DR BAAE N, BUS
— W EAE W d K TV (E, S BORREFRE R () BB
HQL N« s, B — RS0 )5 RUTHB Bty 57 AU T, A4
BBE A e, B)PtE: JOR, e R 4E 5 [ R B9/ R 45 B
BT, RAEWISERE ST (4N RIE: TCRAL, s ik
At K1/ — AR e K17, a5 i L s (5)MH I
PE: BT N, H B < P SR < B, R EINE G T
e, LA RIARRISCIG A 0F B 0 I IS A A
PE, I B PR 5 R AT
133 2FEBAETIRRS ML

KEEE R ES % GB 28050—2025 (& FHibrss
WY AKAY S EINAE S % GBIT 5009.3—2016 (£ ik e 4
B AR AE &S TRk e ) 5 B RS a2 R
GB/T 5009.5—2016 ( & LA EFARME &5 PEATY
MSE Y ; BB EIE S M GB/T 5009.7—2016 (£ b4 4
B R bR &l PR JFOR A I A2 ) 5 AR & R E S R

1.3.4 ZFEHERAERETIRN

10 44 (B 225 5 2) 2l L I HAT — 2
BHIFHr 2P S A EOR R B PN ML . AL
P BB 0] A S S0 A B R REEA T 2R G PR, 20301
XERRERIMA R EE . SARIBA . B WAL
P LR 7 R B TR AT HEA 2, o, ok
FERCE PR R NR 1 PR,

F1 KBRETEMER

Table 1 Sensory evaluation standard table of rice cake

W45 H P44 S
2.8~3.2 cm’/g, MEMAREEH 18~20

2.4~2.7 cm’/g 14~17

IR 2.0~2.3 cm’/g 10~13
<2.0 cm’/g <9

AR, Jodem . TOBEA 13~15

. , FLATOOGRE, JoAuf 10~12
RIEETE W, KA e 79
REHARE <6

SME R, RN RR, TG, TP 13~15

.. HMEEBIRE, R, BHOTH 10~12
IMEAELAE, RB AR, B 5 TR 7~9

FEE BT <6
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R 1E)
P45 H 434 SHE
WEAKA . KBRS OERA R, BRUNA, TRk 18~20
. GAE GRS, BFEHERIR 14~17
KR, TEFIER, ARk 10~13
R A/ SR S5 AN R A <9
MG, REE . RO, D 13~15
e R, R 10~12
It AwmAs, A 7~9
TR, R A <6
PIFRALAN/ING A, S ECE, TR 13~15
P LB, D ERE R 10~12
S AR, Kz 7~9
SERIPAHL, S <6

1.3.5 2 EE kBT RALvh B & K5

F A FAE R KR RE IS T, 2 TR o0 R e g5
TR, RO AKE T2 ) S22 1 4 SRR R 2R T T
ARSI, 4350 R s BHK KK (mem) (A) L TP R 5
(RAKJEURE BB B e, B, MR (LUK JBORE R
WORIEAE, O BRI (WO R E R R R,
D)(3% 2), i1t IMP 14.0 ZRAFHIEE 4 BRI 3 /K- i 1 52
SRR DIOKKE M B E PEA M N (E, BRI R R HAE
HAEFXREE ST e, S0 R 2R 5 e g 2 I Y ik
BIHBIR, i BT S8, 0 S 3N ERORE R Tk 4k
AP LS AR

2 EFIBEERAKEND R SLI6 B Rk R
Table 2 Factor level table of response surface experiment for
Apios americana Medikus and sweet ferment rice cake

ACKEK A BB C(Bet:  D(EFH

A oy wmRye  whbe  EEe
-1 3:2 50 2 0
0 41 150 4 40
1 5:0 250 6 80

1.4 BIENLE

AT AR 3 ICTPAT IS, Bl LT 35 {H+
PR 25 2R, RS T 4R 2 A LAk A i 257 B gt
J1oR I SPSS 26.0 i fF, PR 29200 28 MK &y 22 0T K
Duncan £ 5 H 4 (P<0.05); i 37 i 5256 1 TMP 14.0 %
PEF A R R AR RS I Ak B 40 BT T R R R R
P4 B AE D ByE s B | i 5% ] Microsoft Excel 2019
Bk &2 EIFR A Origin 2021 24RO, B 5
W ARLRG 36 (I B i 5 -3 1 3 Ao 22 L R 35d), W fRsy
AT,

2 HER5SH

21 EFERAKHEESPRERIRERSHN
211 FREE L EBRAAELT IR0

10 Z3FH SRR 1| RORREIE PEE AR ER T AIE AR
HEXH A [ JEORHAS I AR A ARRE A T PP o fR 15 45
AT OB T ZRMET, RN 4:1 (mm)
I S FRORAE B PR o o K K (mem) £ 5:0 T2
410, BEEDZAE ETE 4 BEER 0:5 I, AN SR iE
TR KR SCEETER AR 98%, M Al s
BT BORE 2 17%HEETEM S 83% HEVER), HHETER
ATERTE RN | etk S EIE, SCEEREA A TR S ALK
PR 38 i B L AP SIS B R

L E RS T2, WG 150 g s
FAEOREERE I . BSIRART 150 g I, KA
SRR PR B AL AR T, M 150 @ J BB T R
TSR EA K ERE 1 5 A R, T U ] et R
JE5 TR, USRS R i 5 i ik e A, S EORELAS
L PSR

A E SR LM, BERRASIE 4 g 52
ERARERE P i . BERFASINEART 4 g I, KEES:
JRBEFE I IZE AR T M 4 g J5 kPR N T
W RE ] SO KRR TE RN JE 5 N TR A AL, IS R B 4 5 &
BORWERA, WORHLES, SURMBIARR | FUERIR w55
[ AL

AN TR S EER AR R ORI E PR AR 3 R . Hh
2 3 AL AESEURHEC H RO 2 E AR, SRR
O 40 g I, FAEEEAKEIE T LR G I R BRI
T AR, RESRVE A T BT R R RS TR
<40 g WA, b BRI S U BRI ZGE, G
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FH1TE

TR 40 g J5, KKEREIR M BTE AL T .

HEEFEAET: SFEHDE SR, TERAENIL
R R KR I & E AL, WAL TE R BT R AR PR
TR AL R BE RS F 5 ik, $RF ShaE A, HEEE
M Ear, KR PR LG, KA EAR, F
BIEBIE AT Ar, KEE N AR G S5 iy ta THIRE, TR
SR, BKGET M. GABOETEN SRR, SR
IR 40 g B, 77 G BCE G T RA
2,12 FEEM LT EBRKHERAG Y0

WEFEFW, B AT K (mem) ol 4:1, WERR IR N
150 g, BERFASINGE N 4 g BERARRZARIRER . HUBS A2145
e, BIHdE bR B MR AR . BN, #PE . R
PES U ELE, BB B 45 ARG 2, T
TP PR A e AR L T o

AHIFFE N S A S AL [ (0 5 3 EROK RS 47 T
Mok, SRR RANE 4 FR. LG K 4 RS D
Mralsn, b SRR U InEE B3N, S ER KRS A S AS
FRE RS E JE 4 AR AR AL . S EER IR AR
BI(A. B4), KEEELTE LUK | ATk 32, JEM & &5,
BEIC LS B, AR RS . MU FEmERmERA 2 C
40 g}, TP, 28 RS 780 %
FEFER, — 7 TR T 4l e 08 B 308 B IR 454, 1
TORKE TR ALBR AR AN L 5y — Ty T I TR I A Y
SRPMEIVER, (A IARER . LB R RE B A AR
(853.60N), BT HABALH(P<0.05), FiFftHER/N1I2N *5),
AEEF; $PE6.13) . PERPE0.64) AR 8 m K, MHIEE:
(30.60 N)idi 1, 3 MR

MEFEREMESAEIGMOD. E. F 4), S20EE
LA A A TER K, SEOREERTNE AL |
R T, RIERZMKZBL, =z T3 M A B (3508 1
AR, R AUORARRE I SRR B, s S RN
BEAIR, JoTAe Sh AR 22

IR AR G RE IR A R 2, C AR
BT, s . IS AN, RS T IR
HES . ML, &8 G 0] B RO B, 2k

HEREBE; RIS S EORRE R AR, X S5 RER L
Y X VER B B IR S SRV E B DA DG . 255 AL R
SRCE SR, SEMIINEE 40 g BIEURRAE, BLE
AR SRR EORAL BT ER . 5 FIHIE . Sabk R 4r . 45
P A G AR, AR TR

2.2 EEHEERSKEEEC RN R m AR L SRR 45 R

T AR Z I S5 SR b, R BORE K R K ()
WERAS I . BRI IR A SR 4 AR,
FHIMP 14.0 84, #0314 N 3 K¥F, @d&F.o= &30
MBI, DUSCE PPN R4 e Fa A5, BoKRERC 77 i
— . A A B 26 AUSEIALA, RAX 26
2 S AR EA TR OGS, S5 RANER 5 PR .

B2 5 BB PEM B A IMP 14,0 5048, BEBU T
PRI LG, A 6 A E R BRE AN, R AT
BERR /N SR . A5 3 AR PR ) 7 T S5 AT 05 4
Mr R SHCRFR 6. MR 6 Al Frek i BRI
# (P<0.0001), 2K HIIFA & 2 (P=0.1307>0.05), 7% 5
R AT, BEAS MG S s 8 38 5 O I ORI R
WAy Z IR SR, AT T o L S 06 45 S i 0 Ao #r . 4
B HER, B Ry 0.9736, Rag N 0.9519, Rp”
o 0.8725, UkBHBITY PR RERE IR0, SR ZER/D,
W 5 SEBR B BT i — Bk .

P-ASEHPEALE == S E L N oS E SORSERLT P S
KERCETEAY B AR .38 (P=0.0036<0.01), 4. B. D %
WA 2 (P>0.05); 22 HAEMH, AC. BC 38 HAERM B
#(P<0.01), AB 22 HAEF .3 (P=0.0153<0.05), AD. BD,
CD ZHAEMAA BEP>0.05); ZWkuith, B>, C*. D* &
e B (P<0.01), A* S A i3 (P=0.0766>0.05), M4 A
ZMBEIE AR m AR R B R M C R, O RAEEE
PR RN A B

DUIBRET PR Ay Wi S0 (L %) Wi 7 T P 55 v 2% %1 v 1 A8
bR e B RS I, BEK . RR T AL B, EREES I LA
FOGAERSINE 4 AP A AE F X RRE Y ff TR i e R
mE 1, BT O URSEMAREEE, 75 IMP 14.0 #4Fhik EiL
BEAY ) e KA TR, VT3 W6 & B0 45 5% ) ) 25 199 6 o 3

R3 FREIEFHFINEFHSHEFERREREITNSERENO=3)
Table 3 Sensory evaluation results table of Apios americana Medikus and sweet ferment rice cake made by adding different amount of
Apios americana Medikus powder (n=3)

P H A#H B (oF4i| D4 E#4 F 4
LN A 12.000.58 13.00+£0.58" 14.000.58% 15.00+0.58¢ 14.00+0.58 13.00+0.58"
B A LRES 15.00+0.58¢ 15.00+0.58¢ 15.00+0.58¢ 14.00+0.58< 13.00+0.58" 12.00+0.58%
SNRTEAS 8.00+0.33" 9.00+0.33%® 10.00+0.33° 10.00+0.33" 9.00+0.33% 8.00+0.33"
TR AL 13.00£0.58® 14.00+0.58% 15.00+0.58¢ 14.00+0.58% 13.00+0.58 12.00+0.58"
HFR 13.00+0.58" 14.00+0.58 15.00+0.58° 15.00+0.58° 14.00+0.58 13.00+0.58"
1% 13.00+0.58" 14.00+0.58 15.00+0.58° 14.00+0.58 14.00+0.58 13.00+0.58*
Y155y 13.00+0.58" 13.00£0.58" 14.00+0.58 15.00£0.58" 14.00+0.58% 13.00£0.58"
Bar 87.00+£1.25° 92.00+1.53° 98.00+1.86° 97.00+1.76° 91.00+1.45° 84.00+1.15°

& TP ARRVNG 8RR 22 57 8. 55 (P<0.05), 2% 4 Al
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FRIEFHFMEFGNEFBERKERBERERN=3)

Table 4 Texture results table of Apios americana Medikus and sweet ferment rice cakes made by adding different amount of Apios

americana Medikus powder (n=3)

T H A B4 c# D4 E4 F 4
fiff B /N 1577.50+31.55°  1401.30+£28.03°  853.60+£17.07*  2200.00£44.00°  5500.00£110.00  5685.20+113.70°
FHBHE/(N - s) 8.46+0.17° 3.50+0.07° 1.12+0.02° 4.3440.09¢ 5.25+0.11¢ 6.16+0.12¢
P 5.26+0.11% 5.57+0.11% 6.13+0.12¢ 5.01+0.10° 5.19+0.10™ 5.65+0.11°
AR 0.54+0.01° 0.61+0.01° 0.64+0.01% 0.65+0.01¢ 0.40+0.01° 0.45+0.01°
NEL IR /N 60.40+1.21° 53.40+1.07° 30.60+0.61° 71.40+1.43¢ 118.40+2.37° 142.30+2.85"
#5 MEASSEREITRARREZRSEREITFNEM
Table 5 Design of response surface experiment and the effects of different factors on sensory evaluation
[ P =5 j@ﬁ&?ﬁ ‘ =283 E%*ﬁ TR o BEK TR j@m‘&i& ‘ J B E%*ﬁ JRE TR
(m:m) Wing/eg WingE/g WinE/g e (m:m) Wini/g  WNE/g  BE/g axich
1 5:0 50 2 0 70 14 5:0 250 6 0 83
2 4:1 250 4 40 90 15 5:0 150 4 40 93
3 5:0 50 6 80 89 16 5:0 250 6 80 81
4 5:0 250 2 0 76 17 4:1 150 4 40 98
5 3:2 250 2 80 75 18 3:2 150 4 40 88
6 4:1 150 6 40 91 19 4:1 50 2 0 73
7 3:2 50 6 80 86 20 5:0 250 2 80 77
8 4:1 150 4 40 98 21 3:2 50 6 0 83
9 3:2 250 6 80 85 22 4:1 50 4 40 89
10 3:2 250 2 0 79 23 3:2 50 2 80 81
11 3:2 250 6 0 69 24 5:0 50 6 0 87
12 4:1 150 4 0 87 25 4:1 150 2 40 87
13 5:0 50 2 80 66 26 4:1 150 4 80 91
F< 6 TFHERKENNESIEEFSERSHECRE

Table 6 Regression analysis and parameter summary table of response surface experiment for Apios americana Medikus and
sweet ferment rice cake

b3 Rl H ¥r F P K
TEEAY 955.9000 14 68.2786 36.91 <0.0001 ok
A 1.0417 1 1.0417 0.56 0.4651 ns
B 4.8403 1 4.8403 2.62 0.1269 ns
C 222222 1 222222 12.01 0.0036 ok
D 0.6173 1 0.6173 0.33 0.5727 ns
AB 14.0625 1 14.0625 7.61 0.0153 *
AC 33.0625 1 33.0625 17.88 0.0008 ok
BC 45.5625 1 455625 24.63 0.0002 ok
AD 2.2500 1 2.2500 1.22 0.2873 ns
BD 2.2500 1 2.2500 1.22 0.2873 ns
cD 0.2500 1 0.2500 0.14 0.7170 ns
A? 6.7143 1 6.7143 3.63 0.0766 ns
B’ 108.3429 1 108.3429 58.56 <0.0001 ok
c? 22.3429 1 22.3429 12.08 0.0035 ok
D? 22.3429 1 22.3429 12.08 0.0035 ok
k2 25.8833 14 1.8488
R 23.0833 10 2.3083 3.30 0.1307 ns
HriRZE 2.8000 4 0.7000
S 981.7833 28
R 0.9736 Ragf’ 0.9519 Rpe” 0.8725

T * R 225 B E (P<0.05); ** I8 2 TR B3 (P<0.01); ns /R 2257 A 8.3 (P>0.05).
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Fig.l Effects of each factor on the sensory evaluation of Apios americana Medikus and sweet ferment rice cake
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