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Abstract

Food upcycling has emerged as an effective approach to sustainably utilize the food waste generated within the food
supply chain. This review article examines upcycled food with respect to its definition, consumers’ knowledge and
perception on it, and the process by which by-products from the food supply chain are utilized for the creation of upcycled
food products. The definition of upcycled food varied among manufacturers, research institutions, and the Upcycled Food
Association, depending on the specific values and objectives of each sector. This has resulted in the use of different keywords
to highlight the distinctive characteristics of their respective interpretations of upcycled food. This review also summarizes the
various consumer traits that can influence the awareness and acceptance of upcycled food, encompassing functional,
empirical and emotional, symbolic and self-expressive, and economic benefits. Additionally, the review presents strategies
to utilize by-products produced in large quantities in Korea, while also addressing the control of hazardous components to
ensure biological or chemical safety and the changes in nutritional value that may occur during the utilization of these by-
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products.
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IFEALY AL Thsd AFS Adtele AS et
(Moshtaghian et al. 2021). ©]& &3l A4HE AF T 2F
AFDE Sulshe GAolFE FEE A Fedt 4%

2#7] Mg WMo R wWoe = §)Ow(Osorio et al. 2021),
Akl WAgE 7S Eolll Ak 28] E84S =Y
2ATH(Seberini 2020). °l= 255 ABIAE 2E 287
Ao} o] 2 1% A2udst 5 73 A1 s HRte
2 FEY gtk
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Ao, gholAs o] oie] Fo] o] FoX|A] IS
w olo] thgh o] A] Thekgt Aol AAIACEE ¢
AllEE FE o7t F-&EIL o, o|H7A|= olelgh
NEE AHsHE 80]F  ‘waste-to-value’,
surplus products’, ‘side-stream valorization’ 5= AF8-3}7]
= 32 (Coderoni & Perito 2020; Teigiserova et al.
2020; Aschemann-Witzel & Stangherlin 2021), ZH]#}F A
I A} 7374-01]*1 ‘upcycled’7} 7 A3 w7 =& 89
(labehd o] STk Bhatt et al. 2018). ‘upcycle> 313+
73 ZxH]o Eﬂf?l EEE gidshe TolE, 599] gy 2
Z(Reiner Pilz)7} #71&S A&E&3drh= 7Hdel ‘down
cycling’l] ¥HHE< /IE =2 ‘up cycling s 215384 1994
dA Hz=Z ARE-E 1 tH(Salvo Monthly 1994).

MEA 578 Q] dAtelEE Fue dA A " A
T ok mFolA Agelet 4H|Rp Q1Ael thEk o] =
gk Aol 53] Az} 21812l Hort FAlSH, JA

o|ZE FE AF] HF aHIxk= 7ile]7] wiizel ol oy
gk Ao AAE Jart Stk B3, HA AHEF S
N 71 AEE ALEEAY H7 R AU A
Fo2 8% T A= A T3 APES e, FAak
o] girlelEE Fra 71aEE x| 97, dU
A 7RIS Ao RN JAelEE FERS 885 F

61— /\ 11;]_

o] WE 259 BExE vt At

A, AR ] HAlolE2E FEo| thet ofe] HolE A
ZQA, A7, F3lo] SHoA Lofr L Hwsle] FE
A Aol S EUE AAlelEE F=9] 244 7ol A
Fo] 2zt 21814 Aojet sido] AyE Waks Bls) B
ATH

A, A FabEe aulAAl AF H71ER 148 7}
sol 710 FEETE IS e EAR] ler=,
2R gIdeR g AYATE B3l FAelEE FE9
T8l S PA= 2HAL Q12 8 48E HuEoEH <l
2] 7hAe] 7FsAS ERlskiTt

AR, 2F RS Y 7HIE AL dvks 534S
2 2Fo] d8E Agsitial AARARE, 7hg el <]
A e GEH EAVE AT 2o o] A dAte]
25 FEO| 7L PS¢ U webs A8 1 o
FH SHAM THE Ale] WstE AUEo2A AE dEE
o] & 7S Yot arAt it

‘value-added-

. 93 HE 9 Hid

PAlelZE FEO| 5ARE BATIA, 237100 Hlal ¢
Aol gE Fuol v ool s dnlg 4 e 3
7¥eka Qiek. T, Aol 2 FEo] Aol Sy, Ak
Q14 g3, A9 Sehel] 1ZARE AT 5 Y T

Aolt}, afste], 2ERlel A= s =
wiele 0\3"}01‘%‘: FE A 7AE SR, A B, A
T =, HE AxRGA S FHolA], GAIEE FE {3
(Upcycled Food Association. ©]3} UFA) &3] 0]X] G-of A
otel= ARES Tt vt o] ] SHeR A
2lstairt.

A, dAtelE= F=o] 2HRF 31sHAQ1 o] 9o 7]
WS whEst Al 7R =B AL ARE HARlEE
to] el 9 yids #EE 7HEE AxGA, A1,
Z28]3L UFAS] Y7l Aeldk § A sislh.

A4, A3 AFE0lAM HH R ATE HAlEE F
Tof tigh AH)RE Q1A e FES nX= EAAES &HA A

£ 7o R Fstie] Ao Em falelEE Fuo o
El, ﬁ: 12F FEEe FFS U1 1% [ES ¢
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;L&E]L EES H}\].EV] 7}4_ /\] WAl sl= QA1 A o oA
W3 Fgeld et oln), BAY A8E o) %
WellA 7P ol 2Aske A& E—*%‘ﬂ ne), F, wE,
NER e T =

n. A2 9 o2t

1. HAOIZE FEo| Holot 2/
AR A= GARIEE FEE IA F 7 AEE
gk A HA §32 7R A7 RS o8
3l M= s 9 AEFES Ailetke Aotk F2 SR/
o] 3= ke, AR 9 A FAESol dyAuL, At
o A W= A2 AREE 457 B2 (Grasso et
al. 2019; Pasqualone et al. 2020; Difonzo et al. 2023;
REharvest 2023), 772 7 TAHeS &85t ZEujo]
QEX SEE /S| $tk(Soynergy 2023). F WA #-
P2 AY, Aa T AP0l fle AREH 5w, £8EHA
v EebS 25F Ak ) BaldSs sto] sk AlES
e Zlojth A& S0, Fde] Aoy Ais ARERE
A7y 22, 9F, &2 59 AR} ol sdett(Theuglyco
2023). o]2lell = ThFet f3 2] HAlelEE Frt EAlEHH,
ol ARe WFe AFoR avAell Q487 gn.
W5 5o 4G FollNE QAjelEE Fo) 54 o
Vel BHAY St vlie] ¥ 491 A 0
F7h B AWYH I Aok R, T Aol atel S
Sof B Ame) 3y, 2017 Q149 A, F7H
A R S 5 BHOR QAelFE FEO A
2 3ol shiz JYetas she AEg wolgit,
WPISE FEe AR, A7713E, UFA 5 24H2H9] 9
Aol FAlsHe vlol wet thsl golgion, Aol Y
SN RS SHe YAl BE FE| 4ol we
A2 g2 7197 ARR-EHAT<Table 1>, 2% A ZGA o
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<Table 1> Keywords used in the definitions of upcycled food by manufacturers, researchers, and the Upcycled Food Association

Position Keywords

Reference

Reducing food waste
Creating high quality
Nutritious (the healthiest) food

ReGrained 2023
Toastale 2023
Pulppantry 2023

Manufacturer Environmental benefits Renewalmill 2023
Wasted potential Barnana 2023
Leftover
o Actbars 2023
Sustainability
Converting Perito et al. 2020

Greater value

Value-added surplus products
Researcher Discarded materials

Reuse of waste, waste-to-value

By-products

Waste

Peschel & Ashemann-Witzel 2020
Bhatt et al. 2018

Bhatt et al. 2020

Coderoni & Perito 2020
McCarthy et al. 2020

Zhang et al. 2021b

Value-added products

Otherwise have ended up in a food waster destination

Upcycled Food Assosiation .
Human consumption

Auditable supply chain

UFA 2023

<Table 2> Definition and five elements of upcycled food proposed by the Upcycled Food Association

Upcycled foods use ingredients that otherwise would not have gone to human consumption, are procured and

Definition produced using verifiable supply chains, and have a positive impact on the environment.
Upcycled foods are made from ingredients that would otherwise have ended up in a food waste destination.
Upcycled foods are value-added products.

Elements Upcycled foods are for human consumption.

L AW N =

Upcycled foods have an auditable supply chain

Upcycled foods indicate which ingredients are upcycled on their labels.

Me JARIEE FEE “GHIHAY HE RS AEE AR
3l S Als]e) 7]estke TR 2E el ot
(Spratt et al. 2021). ©]X8 YA|EE F& AZXJAES
T=2 @9401]&1 ‘§]—7—'1?<4 0]7(4” ‘*73321 X‘ﬂﬁ‘-% 21—2’ ‘021001:7(4
olF’ S FHS FI Yo (Actbars 2023; Barnana
2023; Pulppantry 2023; ReGrained 2023; Renewalmill
2023; Toastale 2023), Z3H o2 A|FEo THE BHo=
stod A& AAe] 7S AdEsith A7 dAkelE
= sue) g7 fvke sl sie oA 97
Zol}, W@z AR S olFE AlLale] Agels Wws}
=94 tH(Perito et al. 2020; Peschel & Aschemann-Witzel
2020). A7-71HlM A A= GAllEE F=of dA)
71 H71Eeu, S24E 272 QI EHES sl tise
Lleds=y %Ei‘QQLI:]-ﬁ el 9ltH(Moshtaghian et al.
2021). )&l olfiz A ATl E YalolFE Fi=
o AR T, YoE Ei AE SFEIEoNe] AR
9 &3hE o35 ARE-ate] A ostal UTHBhatt et al.

2018; Bhatt et al. 2020; Coderoni & Perito 2020; McCarthy
et al. 2020; Zhang et al. 2021b). FAI|F = F=9 o]3|
WAAE DESE A AAE 1ge] GAlelFE FE P
ol UFAE QARIZE = A1) 43 mxsb] sis) A}
Zel 201, FhAhaudit) 7@ BFY 5 B A%l A
Tl 55 5 719 =S AMESIATHUFA 2023). &
g GA, 3, AR R 71E ol FARelAl sk
g AT e BHOR FAS FAste] Yrlel =

1:-4 7(4-4 =i \;]./\—] 7].}"' zsﬂ/\] QAE %%]O}OiQ'(UFA
2023)<Table 2>.

FY oM rjolEE Fr Tl <EE ajo|Ew) 7+

o] ofg] §ol& &8sl AREStaL 3o, oleh AEH A
o] 9 TP ok FAHoIAL} Bael) SekMoshiaghian
et al. 2021). 22 @] AMREE f0]d4E W} HAH
o]aL ZZHR1 Ael7t B R3ItH(Ali & Khan 2018). 54 ¢
3ok 2z go] o Bgals AL YA 14 ARY
Elof] T3k x)2] Ade] g8 JFFS nzlth(Wald 1999).
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BolE FFolstal dAEA Al AREshe A &ofe] ¢
nlof] E7kE op7]EhH, ol §ol& T8k AMRE Q14
of me}l Fe] 7] 2 ol &S FtH(Maffetone et
al. 2017).

ool HaliA, A FuiellA FHHE HJAlo|E= F=9 4
ol A fle AES FEroly, AFe] 7Isd
AAA 719 EEA ] TS FAL UTE S Al
& HHARS AR F7]st] AxF Aol Fs]ar 9l
© m(Moshtaghian et al. 2021), FAt=3} 771 &2] 253
AANA oE P44 ey oz Qs AE g =7}
FeS W ITH(Bhatt et al. 2020; Zhang et al. 2021b).
whEbA], LRk o] S 85 wigeh 2H|RE 2181 <)
el o] FQajty.

ZRAE 2 gisl Wele A 242 2l gt

ojf

(Cullen et al. 2015). &, FARIFE FE= A olg=
Hol|A An2p7) AFe] Ag B Fufoll o] dEZQL
e 22 F TS IFH o, 1A, FFEe] A
4 T 84F Hds] Ao EFsfioF 51 (Moshtaghian
et al. 2021), Aol thgh SEAA} g AAI] P88 S B
Aslal o] & AnAtA] F-A o2 hfjsljoF grt(Park et
al. 2010). °|5 &l A FellA o] GAllZE FE Hlo]
HE FHstaL, olgt #HE 4] g B AR WEks
otsle] =g AL R ZHAAE AAsloF ghtk(Cullen
et al. 2015).

2. JALOIZE F=0f CHEF AH|X} Q1A

1) 2H1AF Q12 ] daX

Ael2E Fue A AAAI SA4E 247] ZAE 8l
2% 3le 9 HoE OiFEL Sk fAflE=
FEZRs AR T A A= 2R, A
2ol R S Sleli s oA QS BeHeR
Fes|of STH(Zhang et al. 2021b). &H]2F 2o gt 7]
ZARE T3l U 4H] ATAA AZE Eolel] s
T8 7FsAdo] =2 tdSS AT 5 Atk ol dAtl

— Functional benefits

— Empirical benefits

2T Fo} o] AjRo] Al 1&a}7] Al&ehe Al
AR Fefshe H3E A8 AYol 7hseteS gt

PHEE FAES ol o5 IHIPIAY] AFo= A
T o] opd, Il 3t
I 2840 98-S S (Gupta et al.
2019; Aschemann-Witzel & Stangherlin 2021). ©|* ¥ <
gt 7Fss AAE FSEshe Hledl o] 7P E A= Vs
A1 FA|7F obd A13]AQ1 A2 A AZITH(Kirchherr et al.
2018). WA, o] gk ALB1A EAIE sfidstal s A #
3kE olEo W] flEixe anlRke} tiEe] Q1S st

AL NIRe 2 AR Al AYES sidsort St

2) GARIEE FE £89 AAA 84 AL &
MRS 0] 54 AFe] Fulivt AP S 8l daAt she
FHA BAolu 7IdE A o= Ao (Gutman 1982).
AHAES AEFS T o ©ed] AES ke Ao
o}, A|Fo] HAHCZHE] 5 HAES Al FHS oA
832 ZZ2A71THLim 2010). YHHH O 2 An|REo] S
sl Wole kst Aol B3R FuE A, ol
sk Hele] FRe} B 7ol taiMe oy A3 Al
Al ERI = Qith. o]58 TS, AH|RF AL AlF
AMu| 2 &4 A3t HE v Ao ® BT 2
ok AlE 2 AEE SHA AHR; AHele 75, AR A,
A, AAA H)oz BRI (Keller 1993; Hur et al.
2006), HI= vHAIR SHAAM = 7153, 1A, Ao 53
2 HJo g EFEHAaker 1996)<Figure 1>.
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Functional benefits

Products and

Services

— Symbolic benefits

Brand marketing Emotional benefits

‘= Economic benefits

Self-expressive
benefits

<Figure 1> Classification of consumer benefits based on products and services aspect and brand marketing aspect



A JeERd XAItE Z, Y, HlolH[E Aol BlE] gAtelE
= FEo gig Asxrt WA AL ,\;\_Uﬂ(Zhang et al.
2021b), s AellM ol XATZF AlES T o F
A3} e 7154 HelS FAIs] wiielzt siA =Tt

A, 2RAlA AgE= A A5 B PAE 319
m} PAPlEE FEO] Fufolgke] gt 4 Utk Aol
2E FEE ojdoll= ARER] FUd AF FAkEolu H
71E5 Bl AAkE e, 215ElA] R AR 2Fel tis)
ARSIAY 3loslH e F= W] 2 ¥EH]oKFood Neophodia)
7Z3gko] UEeR 4= Sth(Siegrist et al. 2013). AAZ O]ELE]
o} ZH|IZAES o= ZH ZAlIA SH FAHE
X5l AE-8 A= Aol FRI= A (Perito et al. 2019)
3, GAtelEE FEo ek mAR7F ARk AR
oS A=t AgE o GAelEE Fud i s =
7} 9402 =olHth(Bhatt et al. 2020). B[RS A T+
E AES o JAAH 47t T8 AEEH7] ol
TH(Eagly & Chaiken 1984). o]2{gt An|z} EAHEL 74
A M A Hol| A Aot

AR, QrtelEE Fiue A% 7hser B384 AlF
2= Hox] AB|A}F ¢lalo] FA Al ke Fr) AB|RIE
< FujslE e AEe] JARIEE AE Tse AEYS ¢
A HAS W, siE AFS AYE 7ol ST
(Peschel & Aschemann-Witzel 2020). =, A& A&7}
doll tigk Frg/do] o oJ3ks =Y & IS UERITH
T3, SAE 297] WA 5o A oI 73 sg
gt HE7F A=A GAelEE FEo digh F840] =
olx|3L AEl 7}sAdo]l T 4E A TH Aschemann-Witzel &
Stangherlin 2021). ©]x8 zilo] FQ3HA o7 7S
9Bl HMGE 5= Q= AAA Wo] @ 2o} HHA Hole
FAPIEE FEo thgh MR} )12] 5
o]

U]'X] 2, fAllZE FEO] HAA e AHA}e]
vl 0:]—r°ﬂ 9)«01 2 274 a8lo] Hr}. &HAES YAt
Zc Tuo g3 RS Huke 5 7 FHLS 2146k
AZES A 7P=Alo] Erha %%’3}“& MNE HAlelEE F
o] 34 /M4 FAXE A ABst= vlEol =AU
(Peschel & Aschemann-Witzel 2020). 3wk FL] 2}, JAko]

%
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i o

a3 7120 @ 5

2= Feo thel AHolAY B0l gl 2ula F
= Ak o)4o] 7}Ao] wow QAlelZE FES e o

gko] =rhil S5 tH(Goodman-Smith et al. 2021). =,
ZAAA Heo] YAlelFE FE AF Adle] & FIE v

Z Aot
3 AME HEEM FilE 28
) rhEe] 28 7
Wl A AAH SR AFEFH S (Food Supply Chain,
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9 Ae] BE3 A2l T L A UG FOR A% A
A g ohjet AL 9 Ae A Wshs 247k, 9
=2, o, o 5o 34 Hae Zeth(Park et al.
2009; Ayala-Zavala et al. 2011; Calderia et al. 2019;
FAO 2019).

el 2 G 4 RO 89 9 ) 7
5 A e U sk ol e 28 715l

HAE] i’iE}(Ayala-Zavala et al. 2011) ol e 9
o7 WEHAY AF TS AP 8 2 HASE
—.—O] ‘3}—%/\]7]‘“ PEHIZ 7Hgste] AlFgiohd 71 A
Bk oy}, 21F ke A9 o7 =
£ T JdeS ovgith wEbA AE e S8
A, 873, A&7FsAd ] BRolA wieA] st BAjEaL
4 AtH(Makov et al. 2020).

AFE AL kst é}ﬁ:r“ﬂ’ﬂ ST, AEEE
o] 2 Aol TSk AF %4 G AR, HA
T, 3F ToF gt Fe BEE AEE T ANES 4~
o] 78 8oL, Aafmet AdFe :J—_IL'IET of Hls] AYrkst
ZH|Fo] Ao} =2 i R lsf #H7] HlEe]
TH(Calderia et al. 2019). & =AM & 1 FolX= =
AYakeFo] Be W] FAbE(Lee et al. 2012; Farcas et al.
2015; Lynch et al. 2016), & FAF=(Ahn et al. 2010), Hl
Z H2HE(Liu et al. 2012; Hong & Hwang 2016; KOSTAT
2022a; KOSTAT 2022b). A} 5-2H2(KOSTAT 2023; MAFRA
2016)°l 3k RS F3sled Felsidict.

2F AR Ao AL 9 AejE|ojof s,
Y e A 2ol ot fJE] R A AFEHE
T S8 o] BAgEojot AF AuE &8d 3
oug AF ke 483 AdE A v 7HER
28] tHMFDS 2016; MOF 2021) 2 FabEe] g8 A
JEEooF k= thEAR] flE S4RE w2 T T
& U]/@EJ 23 B, 2 s, A W 54 &
A 5ol dom ol& sjdalr] fls) dvHoR Ax, A
g, A = _4 T o] g i<Table 3>.
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o 4

2) Az o 9l 8.4 A|A
AZ(drying)y= 2F T8 T8 AAsks 8=,
<5, ¥, 7HE B ol wet EF HZ(hot-air drying),
54 Zﬂi(freeze-drymg Y= lyophilization), = Az

(drum drying), 27 Z1Z(osmotic drying) 50& FHL-¥ETH

_1,3_‘: E_Exq_oi /\1:1 o Xﬂﬂo]—O:] U]Ag ] &NJ,]_ 7] , _n_
A9] kst 9 K 52 AAIgezZH A Fete] kA
< Snsy, ¥uE gaAgoEn AT o5 ¥
A ZITHKim 2019) X38) Aol oah, ALFLe At
T EF AHAS W FdTe AL, HEd eSS
AZEA ?%%QU%(Klm & Yang 2012), o] §F 2]
Al 9F APAE v 3714 Aol AEHe F =3
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725 TKSo et al. 2016).
TH sk 2 3 el 24 JA] dEe 3AS
B3 AAZE 7Fssih. dRbR o R AES] Tk W xE] A
A, s, JdE SOl o8l 1 sk dhe Aashe A
A4 QoW (Im & Ji 2016), °]= FF A Al
Ax 9 54 AHE SIS W 1157 5 5 & T/
e Al9jstal BT ZHREo] 7+4¢ Hrynko et al. (2023)
o] AelA RIS 4 At ot X e w5 A Al
Fto] AAg wet FA F A FoF Fge] o|dETh
7Vel7|% stEE &g Al olo tigk FAIARI VeH T
715]'26‘01 dgaitt. 4] 7P Ao R AREE Ay
71Z(direct rotary-drum drying)2} £ 71Z(oven
drylng)': Tha o qx] FepAlolet 711 a&0] Wil 7=
dollA Aol B E 9o S H(Aliyu & Bala
2011), B4 7AZxe 2F 249 Wl doyRA = AT
2o = A garlddl= ZAAA AddAol Hrks s 2
=Uh(Santos et al. 2003; Rao et al. 2021).

"

o

ot A OlN
e r-?L — r

3) A2l &gk fafea AA

&g *}2](thermal process = heating)= A A
(pasteurization)?} Bt (sterilization)© 2 =0, 7} w2
o wh} 2] 23} 718 (radio frequency heating), Plo]3Z 3}
7} (microwave heating), = 7} (ohmic heating) 522
Tt gr] et 7id ¥ wlolARn 7S SA4do] Wet
= A7 W S48 2R 3 88 &8sk, & 7HholA
= =3 ApelollA] Hapt HESHAA nAE A X8} FESH
o] mAEo] A|oj¥thJeong et al. 2020). Kz FAHE
(Barley Saved Grain, BSG)9] o|gke FEE9 & 71E A
2] Al Bacillus cereus, Listeria monocytogenes @52 A&
o] 7+43 © v (Bonifacio-Lopes et al. 2022), &< A
At F2] At A Al A FoF el askatt
(Hrynko et al. 2023).

4) A Hol| ofgk flaf e AA

A (cleaning)yS A% TH EAstE 294 %éj% A A
she 3SR, 9 AR offo] wme F2
cleaning)?} 714] A4 (dry cleaning)>. 2 &% ®
Hol| = 0] 29 B4 F8ACIER AF 34 F
olM= F2 Aol 4T HlES XAeHH, Al 2 oA
T84 B2 AHES =ol7] flal A AE T e W
shol] W A5 54 F4 Aspt vnjd Feole 2%
7b =& AH NG AMggit), H3h A &35 71 HOCI
s Ak A8AIG 2hE AlFE ] Hrtelr|= g
tHHeo & Mun 1996; Lippman et al. 2020). Y-o}7}, 7iH]
Eo] A (cavitation)S 53l 7|ES AA s A7 0}7] SRR
09 AL AAS oL, AE xR B A 9 A A A
MAA L] TS =o]7] Hsl Z*o——L]-(somcatlon) SHA|

2] 3L7]1%= FKSo et al. 2016; Song 2020; Zhang et al.
2021a). Yoon et al. (1997)°] WE2H FoF 2] Alol] %
w3 AH A Al {7IRIA sk 2Rl sk

5) 7Fgoll w2 9 7Hxe] W}

7HE AEE B8l AF AL 98] 84E A|A S of
AL Frg = oy, do Eorydt 7154 3EEY]
gy e WMy 5 o

=2 7 Ak wEpA AHEF FAHE A
Bk opUet 2 Ao YA 7}7<]°ﬂ el =2l 2
27} 9Ith<Table 4>.

Az g A FEHoR £ A% IFE e (Total
Phenolic Content, TPC)3} 71%% gats) sletE shekat ¢
Absh g4 aE|al e sk IHadshes Ao ® UERsT
FH]#|(Soybean okara)e QB 7AX, vlo|azyl Ax 4

A% A2jete] L& 7HF(flour)] T, 3F 9 Afol=
relskA] & °L°Et](Gu1maraes et al. 2020), BSGell & 7
Z AP E T AF T4 Azt fAksHAl sl s ¢
a7 % el wlE s, wld, A o] A
gt} ol= Az F I A4 S SA=E Qg v
A AEY FAE 4 F A (Santos et al. 2003). A A
Aol double drum drying A2]E § 749 TPC F=Fo|
oA Ao, e 2roA= TPC 3Hde] HEgo
=94 tHHenriquez et al. 2010; Henriquez et al. 2014),
Llavata et al. (2022)2] 1-7ollA& At (apple pomace)e]

s FE=2 20-120°ColA thi =S w 80-100°C
AtolollA] Ee|dlE} HERIC &3, dAksl 58] 7MY =
Al YERSTE oo} -2 Hitksl Do g Baew Ade
Az 5 doll Bt itst siehee] #eh e v
ZF= ¥HS-(maillard reaction)ollA 2] AEl-o]= 3HAde] B3}
zj'cd Oﬂfﬂ:___i oHMQq_

b A A Yehve 49 dstlEe v 22 A
Atk A EE2AFA]SF FAHE D 7]8(wheat bran) E3HE]
A7 dm A 8 BerskE ghel Stekal ) 2

WA ol AdE e, K714k Eal A9 ofr gt of
Abe] ek z2-ol L}EPJ'E}(U et al. 2022; Li et al. 2023).
BSGel £9] &3+l 34k, TFAE oHIEAN B wlxAt
o 2 SRES ERIE W, 9 7R viEe o
A48 Bt AR F REFJ oM Wiz} 2E4k] &
3] a2 A2 B K Al-Hadithi et al. 1985).

ok, G Ao WsiRks Ve A2 2e @zﬁﬂ
M ¢ "ok 54 204 AF RS 7RIS W 3
& Aol Z REFAY {8 ko g Walteix 27

oy} 7 BEFY, A T AEE &) Sl =83
5730 ek 4 7] wiitolth. Alapae] ofjgks FEE9
i Az Al Al kst @4 80-100°C Alelollx] 71
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=4O, WY, E 9 2 BFE 5 AE AR &
218 40-60°C Alolol Al 714 E=hth(Llavata et al. 2022).
FHA o] ., wlolAR} 4 7 A Al MEL*) #
o o8 Azg ARel Bgtov], A% 2xel Z/k v
B A= (a*) 7, HE(L¥) #el S7HR ol
AR o, QE 712(70°C) g AlE= vlo|A=2w Ax
& sAY, B2 el 98 Ax2@0°C)RE AlEdd HIsl f
oA w2 i BAES 2 A02 YERITHGuimaraes
et al. 2020).

OJHH AF FAES RS ASole A, I, AE
AEZA ] F4 Ao 5HZ oA ¥orB= Axstarrt st
= 2FY] 540 wt A 20S tEA AA ALY, o
2 A2lE AAs] miAsl] A2 Sgslof st =g
7HsE AF Ak =Estehd B4 g F1E<l A
T Bl AF AEEL] AAAR] &§o] 7FeeA] HESE
= o] sl

obro 2, YAle|ZE FEI} =M e oz Al

=1

QAOIZE FEE dHE AF HAES BEA 4
AN 24 YA 5L AsME LukE A
sle] 4jo] 53] Fasith. et A FFAAE YAl
g= Foo o) olg Felh £853 Yom, 4F A
Aol el BaE B43 DA A HHZ QAjolF
= FE Az A ofele-S A3 ek E3E, 267
344 geje] Rajel BaHEo] A7) ol R4 ol ¥
e 202 NS 1 YAOIEE FEo T Anl% Q)
4 ZRis) Bao] RE}S & 5 r. ol Aulxe] 4
2 52 o3 5 9lo] PAIFE Fruo td 2%
Q12 WAl WeAol tiTAck, WepH, Steld Aol

= FE 2gle) ogE 4L e AEA, 23, @
3

=

1,
B 79 2 9B Te9 Aze Aele) Syel Pasit,

Al FE FEE AEA A5 4F §3o/19 2
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