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SUMMARY

[. Title

Development of post—harvest management system of head lettuce based on the raw

material characteristics for fresh—cut processing

II. Objectives and Significance

Consumer demand on fresh—cut products increased due to changes of life style.
Accordingly consumption of lettuce increasing rapidly. Research of technology on the
fresh—cut products was undergoing actively in late 1990's after rapid increasing of
demand on fresh—cut products in early 1990's. Domestic companies have been
supplying processed fresh—cut lettuce to fast food related companies and trying to
export it to Japan. So, it is expected that fresh—cut products market will be growing
rapidly.

Postharvest technology manual of main crops including lettuce was substantiated
based on actual field conditions of United States. And less developed countries were
applying this manual. As the quality changes of agricultural products depend on the
intrinsic physiological properties of the crop, differentiated manual should be applied
according to circumstance and breed during cultivation for the same crop. Producing
crop with good quality, it is necessary to control cultivation circumstances. However,
we are in the stage of accumulating the basic data to analyze quality characteristics
of crop and to predicting the quality changes during fresh cut processing and storage
for the cultivated crop in the field which 1is difficult to control -cultivation
circumstances. For the apple, research on evaluating the quality changes during
storage using VIS/NIR technology with few selected quality factors is undergoing. In
domestic level, successive unit technology was applied to extend the shelf life of crop
regardless of quality of harvested crop. There is only a few of research on the
fresh—cut product quality depending on the postharvest technology and harvested crop.

Therefore, this study was carried out to develop technology extending the shelf life of



fresh—cut crop and to develop management and storage system of raw material,
which can give high quality fresh—cut products and stable supply of continuous

quantity.

II. Contents and Scope

Research of maturity index establishment considering processability of fresh—cut
lettuce was carried out. Effect on the quality changes during storage depending on
box materials and stacking method, and shelf life of lettuce with harvesting methods
were investigated. Shelf life of raw material and fresh—cut processability of the main
cultivars of lettuce cultivated in high land, and effect of humid and hot weather
conditions in high land during summer on the quality of lettuce, and effect of
precooling on with or without rain, were investigated. To establish packaging
technology of lettuce cultivated at hot and humid condition in summer, the effect of
thickness and perforation of PE film on the quality of lettuce were investigated.
Also, the effect of vacuum packaging and nitrogen—f{filling packaging method for
delaying browning and decay on the quality of raw material and shelf life of
fresh—cut lettuce were investigated. To reduce browning of lettuce during
distribution, high COy; MAP condition was established. Relationship between high CO;
MAP condition and browning of lettuce were identified by analyzing changes of
quality factors such as PPO, PAL and total phenolic compounds. Lettuce cultivated
at hot and humid condition in summer have relatively low shelf life and abundant
physiological disorder and high shelf life gap between unity. Therefore, to develop
the quality factors predicting the shelf life and processability of fresh—cut products,
correlation between quality characteristics during cultivation and quality changes

during storage was analyzed.

IV. Results and Recommendation

Decay during storage increased when lettuce was harvest at immature stage.
Over—mature lettuce showed more severe browning during storage. Lettuce should be
harvested at mature stage (70~80% of head formation) to have a good quality as a
raw material for fresh—cut processing after storage. Electrolyte leakage increased in

immature lettuce during storage. Total phenolic compound increased in over—mature

_7_



lettuce after fresh—cut processing, which seems to be a cause of higher browning.
Wrapper leaves protect head leaves from the physical shock. Harvesting of lettuce
including wrapper leaves, therefore, lead to the decrease of decay and water loss in
head leaves. In general, lettuces was stacked in two layers in plastic box after
harvest. This harvesting practice lead to a lot of problem such as decay and
browning because of physical shock by collision between crops and packing box, or
among crops. By simple change of this practice into one layer stacking in plastic box,
we could keep lettuce in good quality during storage and after fresh—processing.
When lettuce was stacked in styrene box expected to absorb physical shock, the
decay and browning rather increased due to the accumulation of a respiratory heat
and carbon dioxide inside of the box. Cultivar 'Texas green' has a good point; decay
and browning during storage was lower than cultivar 'U—lake', a main cultivar in
high—land, Korea. Hard texture of cultivar 'Texas green', however, was weak point
for fresh—-cut product. Cultivar 'U—lake' with soft texture got the higher preference
for the fresh—-cut product in spite of rapid decay and browning.

Lettuces grown under the high temperature and humidity during summer season
was decayed easily. When lettuces was grown after finishing rainy season, quality
was improved. The effect of precooling depends on the weather condition, especially,
the rain. On a fine day, precooling did not show the exact effect on the change in
quality during storage. If lettuce was harvested in the rain, the decay might be
reduced by vacuum precooling. Chilling injury symptom might be possible by
precooling of lettuce harvested in rainy day because of rapid drop of crop
temperature.

By use of PE film packaging, quality of lettuce during storage was improved and
browning after fresh—cut processing was inhibited additionally. Vacuum packaging or
nitrogen—{illing packaging of lettuce could be used for short—term storage (less than 2
weeks) of raw lettuce scheduled to be used for fresh—cut processing. These packaging
methods impart the crops extremely low oxygen condition. Long—term storage under
this condition could rather cause browning and decay. By high CO; MAP, the PPO
and PAL activity of fresh—cut product decreased, and consequently browning was
inhibited. The effectiveness of high CO: MAP increased with the CO; level.
Off—flavour and softening of tissue, however, limited CO: level to 10 kPa.

The aspect of change in decay during storage of cultivar 'U—lake' cultured in high
land in Korea had a high correlationship with the hardness at harvest. Lettuce with

lower hardness than 4 N showed an increasing tendency in decay during storage. We

_8_



could showed 0.55 kgf as a standard value for decay prediction which is transferred
to the measurement value of a portable hardness tester from the measurement value
of texture analyzer at KFRI. The hardness measurement is easy to be applied in the
fields. Also, the Mg content of lettuce showed a high correlationship with the decay
and browning during storage. However, this quality index could not be applied in

'"Texas green'.



CONTENTS

Chapter 1 Outline Of Research Project ........................................................................................
Chapter 2‘ States Of the Art Report ..............................................................................................
Chapter 3 Research Performed and Results ..............................................................................
SeCtion 1 Material and Method .........................................................................................................
Section 2 Result and DiSCUSSiOH .......................................................................................................
1‘ Effect Of maturity on the quality Of lettuce ...........................................................................
2‘ Improvement Of postharvest managing practice ....................................................................
3 Evaluate of quality characteristics of main cultivars in high land esseesesseesssesescesencecnncnne
4 Effect Of climate COl’lditiOl’l on the quality Of lettuce ............................................................
5 Evaluate of effectiveness of precooling according to climate CONdition seesessssssessesesasecens
6 Development of packaging technique of lettuce for fresh—cut processing seeeeesseseseseseeees
7 Effect of high CO; MAP on the browning of fresh—cut product sseseseseseseseesescsscccscancccnee
8 EVaantiOn Of prediction indeX for the Change Of quahty ......................................................
Chapter 4. Research Attainments and Contributions to Related Fields «eseeeeseeeseesenneenes
Chapter 5 Application Plans for Research Products ..............................................................
Chapter 6. Science and Technology Information from Abroad «seseesseeesesenesencscnciniccncnnne.
Chapter 7 Reference .............................................................................................................................

_10_



mr

A7 AL AL

A1 A

A7 Wg 2 At

A2 A

o

7. High CO; MAP®] ¢]gt Al

B

ool o] 7)ol &=

A4

H

O

A

A

A3 e elatstr)

&+

AT o A

A6 7

11



iy kil el

F

Tl

T4

T

M1 E

1990 d ] Zuto] A]zby] o]

H}- o
= -

7171

1990ty o]

)

-
R

gl

o

87t FF

Eis

o

=
il
<

Gy

X

<

2 v Fa A

of wizh xpAstE el v]Eo] AHEE ook

Hin

A5} o]

bel s

S

at7] 3 Alxdle TN

A g

A ol

)

)

A= S

Eis

s

X
Hin

o
I

o

oy

N

i

i
=

0

Gy

)A
<

)

el

71 Aol A=

)

A

=K

& g HAY A

N _
S 9E

H

o] TatEo] Ak

o

il

o

AT % AH wge]

§_]_,

_12_



N

Al

Hojop & Aol maA

K

K
ﬂo

T

n

o

)

ox

¢+

B

Ho

"
r

o

i

A

A

al

il

A

_13_



At
e 9] tﬂﬁwl %ﬂ Aol sAFY] vt FUFstHA Ao vk HE F
ol Sl FAT Al He] ARl e s S 1990t 2Rkl AJARE o] Al
Hol] A5 Uik 87t F58HA 1990 0] o] ol i3] s ar . T2 Al
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vh ok, Al o)A Ee] EAEtE HAES X5 A= AjdAdAARY
T 7HA 7hEolv ok EES] ik, 29E d, v & g, 7+¥
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XA 7)ol digh 2ol Al&Ha ot EEAS gAY 5 e wEHs 3] 9%
o] AEEI Qe 7hdl, Allend 5 (2007)2 bacteriocing Nl o|&| Listeria
monocytogenes’t 1.2—1.6 log units A= ZFAE U 4°Col A 79 E<F A A3 o= 1
a97F wg- mmetgltkar Hastal itk AFMGFE Alddel syl A dA oA
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S S7HA 71+ ¥HA citric acid®b oxalic acidie AMSsoll S v X% Eeit), o}
A A2 phenolicst= ascorbic acid9} cysteineS # | gro 2 Ak317) A EH 22
ZAiolAd a3t s AoR dddEnh gl #E AAIQl 1-methyleyclopropene
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A ELGlTE o] 2]gh alcohol A= Awk = 2417 ool AAIE v ARA a7}
om GA[ZF o] Fo] AAeHH g3t YERA] et

CA, MA, MAP Fol Ny thil Are= X|getdl vds B5S a7l Ad=rt
A== ZAAUF lvkar B EtH(Berne, 1994; Day ¢F Day, 1996). CA A%are] gt

A

= Ny thal Arg o€ uw mature—green EVIES F o] xAxE Fuprf

N
)
2,
o
H
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(Lougheed®} Lee, 1991). Ar¥} HeS NyoF mpz7ix| 2 Al ¥t
O} 0z, COz, 2L CoHyol FAtS WstA7|= J&ES ot Zoz 5= N o
2l Heo® A& A5 gibs S7RA71a A= WelFY 0, 5%9 Aol& #AAAIA
A Ak CA oA A& internal O =55 A4S =

& gtk 28y Jamie9}t Saltveit(2002)0] 9shd A
| At w A a3E 7| ¢ gl

AenA 7 Bypalo] gl HES A-83 MA(modified atmosphere) 37|48 A%
T 71A 2AE A1 o®2 243 oF k= CA(controlled atmosphere) 7 wW2lo] 1|3
7

#7h gl gl MAE A

2

COx(>1%) 2 =8 A8t FiHE] 558 AAAIIH, AHAEE AFAA 5 Ut} o]
) O, @ 1L CO, 2O 7 Qe Ho} 2

o] A3} R, AeFs] 5o Wl JAE L (Fernandez— Trujilio %, 1999), Al
e o] A Ax, Agrkme] Aok AE A gadAy oAl mapA Qo] v
FEAHChung 5 1999, Lidster 5 1980). Kim 5(1999)2] Aol A 7o) 7] A7 A
CO: =7} =555 F oy dAo] AdAdT Busglon, A44F5E 52 O,
Aol o] A= (Fonseca, 2002). 18} ¥%

ol COx7F =34l 4 ¥ brown stain®] AT L (Lee, 2007) 1% ©]3}2] Os=
H714 TFo2 Q% off—flavor7} WA= 5 th(Farder, 2003). FgF MA A2 =1
o] Astd vl -3 AFHE ISt WEE I IAFoR A3 AiHE

B9} RARR Arzdon AngdE zddt 5o FNUAL AT Arh(Lee,

EN

A w7zt S A" T4 dxEA £38 F AAYS S5 Y3 A
T FgAH AF}E Zolxtz Jfeety] 93k ArE Wy E A
Schofield 5(2005)2 AFAF2] A T oW delorE A~EAE wow F3HA 2

ol FA4A dF= A g2 AFHS d483=t= 7FY Stell chlorophyll

N
o

=
fluorescence (CF)E =A3le] AFHEe] BAAESE ol 53] AFHSE =5
AR PR ZHAT golsht BY RS

4% wol= Aol %

2~
AN

e A% F w3 Role wstel gyt v
%

=

F

G 2 GRAAE JERAA R

T Aol . 28y F % EF rib discoloration?}

of B vie- =9tk wEbM CFE AdAdS 52 4 = indicator® AHE-3}7)

A e FE 2A) o] Fo] Aok &t F EF|A rib discolorationie] AHAL =
o

.‘1:4
A dehdonw ofF e FEe 48% & ot b5l ke Aow g

indicator2 a2z} &}ttt CF

’

‘Salinas 88 Supreme
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= e R AEES 4% § & dded FEol g MEEE YEhidh

A =43%=F (Chlorophyll)

A& 2 g9l 80% acetone 25 mL #7}8F%] homogenizer (ULTRATURRAX)®Z 283 o
Astgt & 5C ShhoAd  BHASAT. 44X & FEFAE oFste]  UV-VIS
spectrophotometero| 4] 645 nm&t 663 nmolA] SHEE AN o P=49 HFe
e 22 As F gHatstsit

Total Chlorophyll (mg L™")=7.220D663+2.030D645

B 9@ Z4HE (Decay & Browning)

B & (decay)2 A8 B4 H9)(R, AR &
m o] FA tigt FujE FAE At WEER ‘/}E]rlﬂ»/\‘?}.
el )8

AFol 7 H91E Aeld TAd tid Awn Pre] ¥ SAste] wraw
(3]

)= AL FAE 2VIAR ke

i m{

& (browning) =

2 g5 FHaAt 20 mLe FH
o] o ¥} (Whatman No. 2)3F %
3}

(Fresh—cut processing yield)
=7 F9lek AW, Fojd F9E AAS L ATl AFoR AAEALC] e AT

o AZ AA FA] W WEEE eI

T84 = (Soluble sugar content)

Algs 5 g& 250 mLe & Zgfx=Fe] FHeta oF 50% olek2 £ 100 mLS 7}sh
S R BTl oF TAIRE E)F FESke] 0.45 m FE Q] HE R o g & & of
Z2ulEady 2 B9 AHS carbohydrate A9 S, H=7]= RI detectorg A&

A
slglom o]t &ul= CHsCN:H.0 (80:20, v/v)E 1.0 mL min ' £52 3o B39

9% G

A% 25 g2 A 109 FHste] NBI E A BE

500C A71ZeIA 247 ol FAATh HeoR BE F Aol FRE 109E I=
3

g Wolme] AE AN WA BEE @ e 542
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ArS SASA AERA71AL o] F 500C A7 3|3 zolM 147 FoF 33A17] v W
Wakal oAl =7k el 394t 10 mLE #33] 7hste] AE =3 1% QA ARvED
o8 SHFTE o835t 50 mLE BEI F, T3 ARA R o sto] AApFFEA
71E ARE3Ste] Ca, Mg s w48tk F24AN) 32 semi—micro Kjedahl %+

(Eastin, 1978)2.2 #43}¢lt}.

(~

EFA o 71A 2=44¥st

£7] WH9 7}~E gas—tight syringe® 2HF3}e] gas chromatography(GC—14A,
Shimadzu, Japan)& ©]-&8to] AkAob o]ibstetse] g WEE EAbsIIth 4 =3
2 column: CRT—1(Altech Associates Inc., USA), detector: TCD, column temp.: 35C,
injection temp.: 60°C, detector temp.: 60C, carrier gas: He(50 mL min ') 2t}

2 2 il = R E o] HEF 71EE
AEFRAl B AAE AAT AFEFE EA vA oF 8 g Hol FAE A F
105°C dry ovenolA 4~5A|17F A& 7FLE3sE H 308 " & B WglE SAHSN
ko] 7hA] WHRete] Ax HFo FHRAIolE FEFLR AAEste] NEEE UE
WA

Total phenolic compounds

Ak B0l 1 em FAZ ZEbd AlE 10 g& 70% methanol 60 mLE 7}ste] 4
s} & 5 AFReA 1A 9t FF38] Whatman No. 2 oJ#x|2 o 7}35}9lt}. o] £
1 mLel 0.2 N Folin—Ciocalteu &9 5 mL& Z7}ste] oA 30237+ §H-&A171 & 15
mL® 2% Na,COz& HiL 100 mL® HE&F F 2l 243 Sk WA HH,
spectrophotometer (V—530, JASCO Co., Japan) & 725 nmoll A S3 == SAHSIAY. 15
EA 2 A gallic acid (Sigma, Co., USA)S A3} T}

PPO(Polyphenol oxidase) activity

Ak oA 1 cm FAZ ZEd A% 10 g2 50 g2 PVPP (polyvinylpyrolidone) ©]
359 pH 7.09] 50 mM QAFZ=E N 40 mLE FH7lale] wad & o 1}ekint. o] of
S 12,000 rpmol A 108E3F A4 RElsto] Aeds 2aAE ARESIGIT 2a4e
0.1 mLol 20 mM L—DOPA 712§ 2.9 mL & 7}&to] 420 nmol A wH&A 7 183}
i ARel9] 0.0019] FFE WIS 1 unit &2 %7]SHSIT

o
o 12

PAL(Phenylalanine ammonia layse) activity
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Aol Ao Aek FoRRH 1 em® At AR 4 g FHE 5 mM B
—mesh(MES hydrate) ¢+ 0.4 g2 PVPP7} $% pH 8.5¢] 50 mM borate buffer 15
mL-g F7Fete] o] 33k ¥ 20,000 rpm 203 94 EEESith RS AR AR
stglom g A 100 mM L—phenylalanine 0.55 mLS 7}8Fe] 40Coll A 6083+ Hk-&-

5
AlZ1 3 320 nmollA SFEE =AY X5 cinnamic acid (Sigma, Co., USA)

Aol A5 s WIHE s Adte] wE FHE Y 5HE o 5
oIy, AW, R, A3 v B AebAQl VS ko] tiete] ZARSkiTh. IRl ot
2} very good (97), good (7%), mild (53), bad (37), very bad (13)2} very strong (9
A), strong (77), mild (5%), weak (3%), very weak (18)9] 958 H = o= H7}351S

.

o

A A ¥

A7 9] EA 28]+ statistical analysis system(SAS) programol] 23] ANOVAZ A3}
Duncan's multiple range test WS o] &3t A HAd gk kol Fel+F p<0.05
ANA FodE AASA.
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AbeE 3 QtH(Kim %, 1995). 1xF A
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Head formation (%)

20 A

Immature Mature Over mature

Fig. 1. The rate of head formation of head lettuce in
immature, mature, or over—mature stage at harvest. Data

are means+SE (n=3).
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‘Weeks of gorage at &4°C
Fig. 2. Effect of maturity at harvest on the change in decay of head lettuce during
storage at 5°C. Data are means*SE (n=3). 1st test was done with lettuces cultured
in Kangwon—do, Korea, and harvested in August, 2006. 2nd test was done with

lettuces cultured in Chungcheongbuk—do, Korea, and harvested in October, 2007.

1$.t
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—— hiture
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Browning (%)
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=
L

i 3 3 4 5 1] 1 2 3 4 5
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=

Fig. 3. Effect of maturity at harvest on the change in browning of head lettuce
during storage at 5°C. Data are means*SE (n=3). 1st test was done with lettuces
cultured in Kangwon—do, Korea, and harvested in August, 2006. 2nd test was done

with lettuces cultured in Chungcheongbuk—do, Korea, and harvested in October,
2007.
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Fig. 4. Picture presentation of browning in inner part of head

lettuce harvested at over—mature stage during storage at 5°C.

100 100
15'[ Enj
20 a0
2R, B0 # 6o |
= =
o =
i 40 = an
01— e 20 4
—i— Dher mature
i . . . . . .
0 . . . . .
o ! 4 2 4 5 D 1 7 3 4 5
Weeks of sorage at 8°C Weeks of storage at 5°C

Fig. 5. Effect of maturity at harvest on the change in fresh—cut processing
yield of head lettuce during storage at 5°C. Data are means*SE (n=3). 1st test
was done with lettuces cultured in Kangwon—do, Korea, and harvested in
August, 2006. 2nd test was done with lettuces cultured in Chungcheongbuk—do,
Korea, and harvested in October, 2007.
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Fig. 6. Effect of maturity at harvest on the change in weight loss of head
lettuce during storage at 5°C. Data are means =SE (n=3). 1st test was done
with lettuces cultured in Kangwon—do, Korea, and harvested in August, 2006.
2nd test was done with lettuces cultured in Chungcheongbuk—do, Korea, and

harvested in October, 2007.
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Fig. 7. Effect of maturity at harvest on the change in hardness of head lettuce

during storage at 5°C. Data are means*SE (n=3). 1st test was done with

lettuces cultured in Kangwon—do, Korea, and harvested in August, 2006. 2nd

test was done with lettuces cultured in Chungcheongbuk—do, Korea, and

harvested in October, 2007.
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Cutting at harvest
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Storage days at 5C

Cutting after 3 weeks of storage

—O— Immature
—— Mature
—O— Over-mature

1 3 5 7
Storage days at 5C

Fig. 8. Effect of storage period of whole lettuce harvested at immature, mature, or

over—mature stage on the weight loss of fresh—cut product during storage at 5°C.

Lettuce was cultured in Chungcheongbuk—do, Korea, and harvested in October,

2007.

Cutting at harvest
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—&— Mature

SSC (°Brix)
B [e)]
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I

—&— Over-mature
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Storage days at 5C

(o]
L

IN
.

Cutting after 3 weeks of storage
—O— Immature

—{— Mature
—O— Over-mature

e

1 3 5 7
Storage days at 5C

Fig. 9. Effect of storage period of whole lettuce harvested at immature, mature, or

over—mature stage on the SSC of fresh—cut product during storage at 5°C. Lettuce

was cultured in Chungcheongbuk—do, Korea, and harvested in October, 2007.

- 31



—@— Immature  CUtting at harvest Cutting after 3 weeks of storage
8 {1 —m— Mature 8 -
—&— Over-mature
x X
3 5
g °] 2°]
=) o
£ £
c d [ 4
s 4 s 4
2 o
m m
2 2 —O— Immature
—{— Mature
—O— Over-mature
0 . . . . 0 . . . .
1 3 5 7 1 3 5 7
Storage days at 5C Storage days at 5T

Fig. 10. Effect of storage period of whole lettuce harvested at immature, mature, or
over—mature stage on the browning of fresh—cut product during storage at 5°C.

Lettuce was cultured in Chungcheongbuk—do, Korea, and harvested in October, 2007.
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Fig. 11. The hardness of lettuce harvested at immature (50%)

and over—mature (90%) stages.
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-
o
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Fig. 12. The electrolyte leakage of lettuce harvested at

immature (50%) and over—mature (90%) stages.
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Fig. 13. The change in browning of fresh—cut products processed

o
[}

with immature of over—mature whole lettuce during storage at 5°C.
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Fig. 14. The change in total phenol of fresh—cut products processed

o
o

with immature of over—mature whole lettuce during storage at 5°C.
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Fig. 15. The change in decay of fresh—cut products processed with

immature of over—mature whole lettuce during storage at 5°C.
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0 day 3 day 6 day
Fig. 16. Picture presentation of fresh—cut products processed with immature

of over—mature whole lettuce during storage at 5°C.
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Fig. 1. Effect of wrapper leaf on the change in decay of lettuce

during storage at 5°C.
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Fig. 2. Effect of wrapper leaf on the change in fresh—cut processing

yield of lettuce during storage at 5°C.
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Fig. 3. Effect of wrapper leaf on the change in browning of lettuce

during storage at 5°C.
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Fig. 4. Effect of wrapper leaf on the change in weight loss of

lettuce during storage at 5°C.
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Fig. 5. Effect of wrapper leaf on the change in hardness of lettuce

during storage at 5°C.
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Fig. 6. Effect of packing box material and loading type on the

decay of lettuce during storage at 5°C.
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Fig. 7. Effect of packing box material and loading type on the

browning of lettuce during storage at 5°C.

100
—@— Plastic 2
—w— Styrene
—— Plastic 1
80 1
&
S
Q2 60
p
40 -

0 1 2 3 4 5 6 7
weeks of storage at 5C

Fig. 8. Effect of packing box material and loading type on the

fresh—cut processing yield of lettuce during storage at 5°C.
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Fig. 9. Effect of packing box material and loading type on the

weight loss of lettuce during storage at 5°C.
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Fig. 10. Effect of packing box material and loading type on the hardness in 1st(left)
and 2nd(right) leaves of lettuce during storage at 5°C.
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Fig. 1. Effect of cultivars on the change in weight loss of lettuce

during storage at 5°C.
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Fig. 2. Effect of cultivars on the change in browning of lettuce

during storage at 5°C.
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Fig. 3. Effect of cultivars on the change in hardness of lettuce

during storage at 5°C
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Fig. 4. Effect of cultivars on the change in decay of lettuce during
storage at 5°C.
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Fig. 5. Effect of cultivars on the change in yield after fresh—cut

processing of lettuce during storage at 5°C.

10

—@— Cultivar T
—O— Cultivar U

Preference (score)

2 T T T T T
1 2 3

o
N

Weeks of storage at 5°C
Fig. 6. Effect of cultivars on the preference of fresh—cut product

processed with whole lettuce stored for 4 weeks at 5°C.
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Table. 1. The cultivation schedule of crisp head lettuce at high land in Korea.
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Fig. 1. Change in temperature and precipitation during summer season at high—land

in Korea.
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Fig. 1. Effect of pre—cooling after harvest on the decay of lettuce during

storage at 5°C. Lettuces were harvested in sunny day (left) and rainy day
(right).
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Fig. 2. Effect of pre—cooling after harvest on the decay of lettuce during

storage at 5°C. Lettuces were harvested in sunny day (left) and rainy day
(right).
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Fig. 3. Effect of pre—cooling after harvest on the decay of lettuce during
storage at 5°C. Lettuces were harvested in sunny day (left) and rainy day
(right).
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Fig. 4. Effect of pre—cooling after harvest on the fresh—cut processing yield of
lettuce during storage at 5°C. Lettuces were harvested in sunny day (left) and

rainy day (right).
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Fig. 5. Effect of pre—cooling after harvest on the browning of fresh—cut
products after 3 days at 5°C. Whole lettuces were harvested in sunny day
(left) and rainy day (right) and then used for fresh—cut processing after
storage for 0, 1, 2, 3, and 4 weeks at 5°C.

Fig. 6. Development of injury symptom after pre—cooling treatment when
lettuce was harvested in rainy day.
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Fig. 1. Effect of thickness of PE film on the change in decay of lettuce during

storage at 5°C.
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Fig. 2. Effect of PE film packaging on the quality of lettuce after 4 weeks of

storage at 5°C.
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Fig. 3. Effect of thickness of PE film on the change in fresh—cut processing yield of

lettuce during storage at 5°C.
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Fig. 4. Effect of thickness of PE film on the change in browning of lettuce during
storage at 5°C.

40
( After storage for 4 weeks
—~ 304
-~ 17}
1] %]
3 o
= % 20
2 K
= =
10
O T I T 1 L T 1 I T 1
CT 0.03 0.05 0.08
Weeks of storage at 5C Thickness of PE film

Fig. 5. Effect of thickness of PE film on the change in weight loss of lettuce during
storage at 5°C.
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Fig. 6. Effect of thickness of PE film on the change in hardness of lettuce during

storage at 5°C.
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Fig. 7. Effect of thickness of PE film on the change in electrolyte leakage of lettuce

during storage at 5°C.
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Fig. 8. Effect of thickness of PE film on the change in total chlorophyll content of

lettuce during storage at 5°C.
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Fig. 9. Effect of thickness of PE film on

during storage at 5°C.
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Fig. 10. Effect of thickness of PE film

during storage of whole lettuce at 5°C.
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Fig. 11. Effect of thickness of PE film on the change

product during storage of whole lettuce at 5°C.
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Fig. 12. Effect of thickness of PE film on the change

fresh—cut product during storage of whole lettuce at 5°C.
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Fig. 13. Effect of thickness of PE film on the change in browning index(420nm) of

fresh—cut product during storage of whole lettuce at 5°C.
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Fig. 14. Effect of thickness of PE film on the change in electrolyte leakage of

fresh—cut product during storage of whole lettuce at 5°C.
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Perforated 0.08 0.08

At harvest After 4 weeks of storage

Fig. 15. Effect of perforation in PE film on the change in appearances of lettuce

during storage at 5°C.
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Fig. 16. Effect of perforation in PE film on the decay of

lettuce during storage at 5°C.
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Fig. 17. Effect of perforation in PE film on the browning of

lettuce during storage at 5°C.
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Fig. 18. Effect of perforation in PE film on the fresh—cut
processing yield during storage of whole lettuce at 5°C.
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Fig. 19. Effect of perforation in PE film on the weight

loss of lettuce during storage at 5°C.
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Fig. 20. Effect of thickness of PE film on the change in hardness and electrolyte

leakage of lettuce during storage at 5°C.
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Fig. 21. Effect of perforation in PE film on the browning
index of fresh—cut product when processed with whole

lettuce after 4 weeks of storage at 5C.
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Fig. 22. Effect of perforation in PE film on the electrolyte leakage and weight loss

of fresh—cut product when processed with whole lettuce after 4 weeks of storage at
5C.
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Fig. 24. Effect of vacuum—packaging and nitrogen—filling

packaging on the change in decay of lettuce during storage at
5°C.
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Fig. 25. Effect of vacuum—packaging and nitrogen—filling

packaging on the change in browning of lettuce during storage
at 5°C.
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Fig. 26. Effect of vacuum—packaging and nitrogen—filling
packaging on the change in weight loss of lettuce during storage

at 5°C.
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Fig. 27. Effect of vacuum—packaging and nitrogen—filling packaging

on the change in fresh—cut processing yield of lettuce during

storage at 5°C.
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Fig. 28. Effect of vacuum—packaging and nitrogen—filling packaging

on the change in hardness of lettuce during storage at 5°C.
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Fig. 29. Effect of vacuum—packaging and nitrogen—filling packaging

on the change in electrolyte leakage of lettuce during storage at 5°C.
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Fig. 30. Development of injury in lettuce after 3 weeks at 5°C by
vacuum—packaging( left) or vacuum—packaging and nitrogen—filling packaging
(right).
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Days at 5C Days at5C

Fig. 31. Effect of vacuum—packaging and nitrogen—filling packaging of lettuce on

the change in browning of fresh—cut products during storage at 5°C.

Fig. 32. The quality of fresh—cut products processed from stored lettuce for 2
weeks at 5°C after 5 days at 5°C. Lettuces were stored with PE film (left),

vacuum (center), or nitrogen—filling (right) packaging.
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Fig. 33. The quality of fresh—cut products processed from stored lettuce for 3
weeks at 5°C after 5 days at 5°C. Lettuces were stored with PE film (left),

vacuum (center), or nitrogen—filling (right) packaging.
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Fig. 34. Effect of vacuum—packaging and nitrogen—filling packaging of lettuce on

the change in browning of fresh—cut products during storage at 5°C.
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Fig. 35. Effect of vacuum—packaging and nitrogen—filling packaging of lettuce on

the change in browning of fresh—cut products during storage at 5°C.
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Fig. 1. Changes of carbon dioxide and oxygen concentration inside packaging of

fresh—cut lettuce during storage at 10°C for 4 days.

100 1 -@-cT
—- 10:5

Electrolyte leakage (%)
5 3 8

N
o
L

T T T T

1 2 3 4
Days of storage at 10C
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Table 2. Change of PPO activity of fresh—cut lettuce by

during storage at 10°C for 4 days.

high CO, MAP treatments

Treatment Control 10 kPa 20 kPa 40 kPa 60 kPa
Oday  “20.0+3.0° 20.0+3.0° 20.0+3.0° 20.0+3.0° 20.0+3.0°

PPO lday  27.1+4.1° 24.441.6° 23.2+4.7*° 23.0+2.7*° 18.4+2.2°
activity  2day  33.94+2.0° 32.1+4.4% 24.3+1.3" 24.1+4.3" 19.6+1.0°
(UNIT)  3day  33.3+3.6° 26.044.1° 20.8+3.6" 25.4+4.2 14.9+2.1°
4day  18.1+3.4% 20.9+2.3* 22.942.0° 17.5+1.7"° 17.0+2.5°

* : Values followed by different letters in the same row indicate significant difference during storage.

Upper case letters indicate difference between treatments

Fig. 5. Change of PAL activity of fresh—cut lettuce by
high CO; MAP treatments during storage at 10°C for 4

days.
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Table 3. Change of sensory properties of fresh—cut lettuce by high CO, MAP

treatments during storage.

days Control 10:5 20:5 40:5 60:5

0 %9.00? 9.00? 9.00? 9.00? 9.00?

Appearance’ 2 3.66° 7.66% 9.00° 7.33" 7.66°
4 1.66¢ 5.33% 6.33" 5.00% 3.66"

0 1.00¢ 1.00¢ 1.66™ 2.33" 7.66

Off—flavor' 2 2.66° 1.00¢ 1.33¢ 4.66" 7.66°
4 3.33° 1.33 5.00° 9.00° 9.00°

0 1.00° 1.00° 1.00° 1.00° 1.00°

Browning” 2 6.00° 2.66° 1.00¢ 1.00¢ 1.00¢
4 8.66 4.66° 1.33¢ 1.66¢ 1.66¢

0 1.00° 1.00° 1.00° 1.00° 1.00°

Decay’ 2 1.00° 1.00° 1.00° 1.00° 2.00°

4 1.66% 1.00¢ 2.00° 4.66° 5.66°

0 9.00* 9.00* 8.66% 8.66% 8.00"

Texture” 2 7.33% 8.66 8.00" 6.66° 7.00"
4 7.66° 6.33° 7.33° 3.66° 2.66"

Overall 0 8.66° 9.00° 8.00° 6.33° 5.00¢
o 2 5.00 7.33° 8.00° 5.66" 3.00°
acceptability” 1.33" 5.33° 4.66° 2.33" 1.66"

g Values followed by different letters in the same row indicate significant.

difference during storage. Upper case letters indicate difference between treatments
LS| very bad, 3 bad, 5 mild, 7 good, 9 very good

21 very weak 3 weak 5 mild 7 strong 9 very strong
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Fig. 2. The regression equations of the hardness of 2nd and 3rd

leaf with the hardness of 1st leaf of lettuce at harvest.
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Table 1. Change in decay (%) of lettuce during storage at 5°C.
week
0 1 2 3 4 5
Lettuce
1 0.00£0.0  0.19£0.1 1.10+£0.3 1.62%£0.5 8.18%4.8 17.39£4.2
2 1.96x1.7 3.21£0.8 0.70%£0.1 11.44%6.7 10.75£7.1 100%0.0
3 1.25+0.4 0.39+0.4 1.97%£0.3 4.38+1.0 12.05*4.2 100%0.0
4 0.00£0.0  1.49+0.3 4.63x1.6 2.61*1.6 10.23%£3.4 100£0.0
5 2.04+0.9 5.07x1.1 2.81+x1.1 4.75*1.2 5.35*x2.5 100%£0.0
6 1.82%£0.9 0.34%£0.3 2.85%x1.1 4.29£3.3 4.29£1.8 100%0.0
7 0.78%£0.5 1.10x£0.7 2.07x£1.1 7.80%£2.9 20.50x£5.0 100%£0.0
8 0.90£0.4 0.57£0.2 -  7.66x14 6.28%f1.4 4.41%£0.7
9 2.14+0.5 5.40+x0.6 5.56*x1.0 11.14%24 4.17+£1.1 11.84£1.2
10 2.40£0.6 2.60£0.3 6.34%1.9 11.11+6.5 4.45+1.3 12.03£2.1
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18.92+1.2
18.38+3.6

16.81+£0.3 22.32+2.7

14.36£7.4
20.13£5.0
14.60£3.8
8.87£3.0
16.62£0.5 25.83£0.3 23.21£4.3

15.12+£1.2 20.75+4.7
15.66+£1.9 30.72%+3.7

20.50£3.5 20.50£3.5
16.13+1.2 20.16%3.2

3.95%£1.2
8.07£1.9
6.48+1.9
13.81£3.9
10.24£3.3

7.20x2.3
8.15+1.4
17.10+4.2
10.01+3.1
10.91+2.1
9.02+2.3
5.28%2.2
10.89£3.9
11.24%6.1

- 90 -

2.10£0.4
11.67£4.7
12.51+£3.2
6.68t1.4
7.08%3.6
3.68+0.4
11.55%+1.3
3.35%0.9
9.51%+1.5
10.12+0.4

1.24%0.3
10.03£3.5
8.25+4.7
10.59£1.0
5.56£1.9
2.63t1.4
3.8710.2
1.57%+0.6
3.65£0.6
6.971£0.4

Week

1
2
3
4
5
6
7
8
9
10

Table 2. Change in browning (%) of lettuce during storage at 5°C.

Lettuce
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Table 3. Change in fresh—cut processing yield (%) of lettuce during storage at 5°C.

Week
0 1 2 3 4 5
Lettuce
1 84.9£0.6 89.2+1.3 82.6+2.3 88.5%f2.4 70.0£11.1 47.88%8.3
2 75.3t4.1  76.3%£6.2 78.1£2.3 54.0%£8.2 54.0£8.2 0
3 78.0£3.7 74.0x2.5 68.3£3.5 70.1£3.2 57.6%5.2 0
4 82.5+£2.8 82.9x1.2 76.9%£0.7 71.2£2.6 58.9%8.0 0
5 82.1£1.9 79.4x2.4  78.3£2.8 75.5%3.4 64.1%£4.3 0
6 87.8x1.4 87.7x1.3 80.8%£3.6 76.0£3.5 62.2%0.6 0
7 86.0£0.3 75.1£3.6 71.6x1.8 57.7x1.1 35.0%7.2 0
8 90.1+1.6  89.1£2.8 - 68.6+£5.5 66.0£1.6 63.3%£2.3
9 85.4%+2.1 67.8x1.4 67.4x4.2 62.9+£24 71.1£4.3 53.4%5.1
10 76.3£1.5 80.0£0.7 68.5+5.3 59.3£7.1 60.3£1.5 52.7%6.0

90

80 -

70 A

60 -

50 A

Yield (%)

Y =294.7 - 3.80X
rz 0.66

40 A
30 4

20

58 5'9 66 6'1 6'2 6'3 6;1 6'5 66

Hunter L (vein)
Fig. 5. The regression equations of the fresh—cut processing yield of
lettuce after 4 weeks of storage at 5°C with the Hunter L of vein at

harvest.
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Table 4. Coefficient of determination(r®) of the quality index after storage with the

characteristics at harvest.

Quality index ) ) Browning
Browning | Decay Yield Hardness
(Fresh—cut)
_p 4 wk 5 wk 4 wk 5 wk 4 wk 4 wk 5 wk
Characteristic
Maturity 0.09 0.30 0.41 0.30 0.02 0.09 0.11
SSC 0.00 0.01 0.06 0.00 0.02 0.03 0.07
EL 0.04 0.15 0.00 0.00 0.33 0.00 0.00
N 0.02 0.67 0.24 0.65 0.72 0.21 0.51
Ca 0.12 0.34 0.21 0.34 0.40 0.15 0.57
Mg 0.28 0.72 0.37 0.72 0.77 0.33 0.44
Fructose 0.15 0.07 0.04 0.06 0.02 0.02 0.00
Glucose 0.33 0.03 0.02 0.06 0.00 0.09 0.00
Total
0.00 0.56 0.07 0.58 0.83 0.20 0.35
Chlorophyll
Chlorophyll a 0.00 0.56 0.07 0.58 0.82 0.21 0.35
Chlorophyll b 0.09 0.16 0.02 0.07 0.03 0.00 0.25
Hunter L(vein) 0.61 0.16 0.66 0.14 0.02 0.76 0.25
Hunter a (vein) 0.02 0.05 0.08 0.04 0.02 0.12 0.00
Hunter b (vein) 0.08 0.11 0.15 0.09 0.00 0.12 0.00
Hunter L (leaf) 0.04 0.23 0.10 0.28 0.40 0.35 0.17
Hunter a (leaf) 0.01 0.07 0.03 0.08 0.22 0.00 0.03
Hunter b (leaf) 0.11 0.29 0.12 0.33 0.46 0.15 0.29
Hardness 0.05 0.74 0.16 0.75 0.87 0.31 0.64
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Table 5. Change in decay (%) of lettuce during storage at 5°C. Lettuce was

cultured in Chungcheongbuk—do during fall season.

week
0 1 2 3 4 5
Lettuce
A 0.1+0.1 0.1£0.1 0.3£0.2 0.3£0.1 0.8£0.4  100.0%£0.0
B 0.0£0.0 0.0£0.01 0.5%0.1 0.4£0.1 0.6£0.2 1.4%+0.5
C 0.0£0.0 0.0+0.01 0.2£0.1 1.0+0.2 3.1£0.0 4.1+0.4
D 0.0£0.0 0.0£0.01 1.4%+0.6 1.6£0.9  100.0+£0.0 100.0£0.0
E 0.0£0.0 0.0£0.01 0.2£0.1 1.0£0.3  100.0+£0.0 100.0£0.0
F 0.0£0.0 0.0+0.01 0.8£0.3 0.6£0.3  100.0£0.0 100.0£0.0
G 0.0£0.0 0.0+0.01 1.1+0.3 1.3+0.4 3.3£0.2  100.0%0.0
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Table 6. Change in browning (%) of lettuce during storage at 5°C. Lettuce was

cultured in Chungcheongbuk—do during fall season.

week
0 1 2 3 4 5
Lettuce
A 0.5£0.28 0.8£0.36 1.09+0.92 5.9£2.21 15.7£3.00 —
B 1.6£0.99 5.0x2.52 3.2%+1.83 1.840.11 4.5+0.60 10.9£2.07
C 0.5%0.26 3.1£0.68 2.1+£0.76 1.9+0.53 7.1x1.12 12.2£2.39
D 0.1£0.11 3.7%£2.33 4.0£1.75 2.8£0.38 — —
E 0.2£0.02 1.5%£0.98 0.8£0.13 10.0+£2.18 — —
F 2.2%0.26 3.3%£1.28 2.4+£1.73 3.0£1.71 — —
G 1.3+0.68 4.1+£3.42 5.4%0.54 4.3%£0.66 9.0£1.38 -
14
12 4
10 4
g 61 f Y =-59+0.2X
@ ‘] E + r2= 044
, > [ ] i E
0 ; ‘ ‘ ‘
50 60 70 80 90 100

Maturity (%)

Fig. 13. The regression equations of the browning after 3 weeks

of storage of lettuce with the maturity at harvest. Lettuce was

cultured in Chungcheongbuk—do during fall season.
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Table 7. Fresh—cut processing yield (%) of lettuce during storage at 5°C. Lettuce

was cultured in Chungcheongbuk—do during fall season.

week
0 1 2 3 4 5
Lettuce
46.7+£5.34 50.3£1.42 48.1%0.62 44.8+3.41 34.0+3.32 0
B 57.3+£3.35 47.4%1.38 46.0£3.15 44.4%3.18 42.4+2.42 25.3+3.49
C 52.6+£1.00 52.2+£2.26 49.814.46 47.6+£3.00 32.843.05 32.6%+1.14
D 45.3+£3.33 48.3£6.06 40.4+6.43 48.3+3.52 0 0
E 59.5+3.22 50.3£2.26 48.4%£1.28 40.4%£0.55 0 0
F 34.7+£5.24 41.3%£2.38 35.9%£3.41 37.6%£3.52 0 0
G 51.2+1.50 49.4+5.19 42.0£4.23 44.6%£4.07 32.6%+4.07 0
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Table 8. Hardness (N) of lettuce during storage at 5°C.

week
0 1 2 3 4 5
Lettuce
A 5.4+0.31 5.3+£0.38 5.6%£0.42 5.8+0.35 3.9%0.28 0
B 5.0£0.30  6.0+0.35 5.0£0.23 5.4+0.50 4.7£0.42 4.8%+0.41
C 7.8£0.48 7.5£0.78 7.0£0.60 6.5£0.42 6.3£0.52 6.0+0.52
D 5.8£0.31 6.3£0.23 5.5+0.27 6.1£0.34 0 0
E 6.4£0.34 6.6£0.46 6.5+0.45 6.1£0.43 0 0
F 4.5+0.35 4.6+£0.32 4.5+0.22 5.0+0.24 0 0
G 5.4%£0.32 5.1£0.19 6.1£0.38 5.5£0.40 5.4%0.32 0

N
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Fig. 15. The regression equations of the hardness after 4 weeks of storage of
lettuce with hardness and Mg content at harvest. Lettuce was cultured in

Chungcheongbuk—do during fall season.
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Table 9. Coefficient of determination(r®) of the quality index after storage with the

characteristics at harvest. Lettuce was cultured in Chungcheongbuk—do during fall

season.
Quality index )
. . Browning
Browning Decay Yield Hardness
(Fresh—
(whole) (whole) (whole) (whole) 0
cu
Characteristic
Maturity 0.44 0.09 0.13 0.50 0.04
SSC 0.00 0.00 0.00 0.04 0.37
EL 0.00 0.16 0.17 0.09 0.14
N 0.32 0.50 0.42 0.00 0.04
Ca 0.00 0.02 0.28 0.18 0.01
Mg 0.05 0.03 0.04 0.64 0.00
Fructose 0.00 0.06 0.00 0.15 0.18
Glucose 0.01 0.03 0.10 0.21 0.00
Hunter L
) 0.00 0.28 0.02 0.08 0.06
(vein)
Hunter a
) 0.12 0.03 0.04 0.53 0.00
(vein)
Hunter b
] 0.00 0.03 0.05 0.00 0.00
(vein)
Hunter L
0.30 0.08 0.02 0.11 0.13
(leaf)
Hunter a
0.14 0.00 0.00 0.20 0.02
(leaf)
Hunter b
0.13 0.00 0.00 0.21 0.02
(leaf)
Hardness 0.02 0.02 0.00 0.74 0.01
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Action Plan: National Program 306
Quality and Utilization of Agricultural Products
2010—2015

Goal: ARS National Program 306 (NP 306), Quality and Utilization of Agricultural
Products, will enhance the economic viability and competitiveness of U.S. agriculture
by maintaining the quality of harvested agricultural commodities or otherwise
enhancing their marketability, meeting consumer needs, developing environmentally
friendly and efficient processing concepts, and expanding domestic and global market
opportunities through the development of value—added food and nonfood technologies

and products, except energy and fuels.

In June 2008, NP 306 leaders and scientists met with stakeholders from industry,
universities, and other government agencies to assess the past performance of this
national program and to develop a list of needs that will help guide the direction and
focus of the program during the next 5—year management cycle. Many of the
research needs identified by stakeholders over the past several years continue to be
relevant today and are addressed in the current action plan. However, new research
needs were also identified in response to issues and concerns of our changing society,

economy, and environment.

NP 306 addresses postharvest quality and processing of foods and fibers and
development of value—added non—food biobased products. NP 306 research will
increase our knowledge and develop technologies to better measure or enhance the
quality of crop and animal products after harvest. Similarly, the marketability and
value of commodities can be increased by ensuring that value—added food products
(such as fresh—cut or minimally processed produce) retain sensory quality, nutritional
value, and are free from food safety hazards. The research in this National Program
will also generate new information on health promoting components of foods and
assess their effects on important human diseases and obesity, in cooperation with the

Human Nutrition National Program (NP 107) and other partners.
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In addition to food quality and safety, consumers have expressed concern over rising
food prices which can be attributed to multiple factors. A significant factor in the
cost of food production can be attributed to food waste or rot. Estimates indicate that
approximately 27% of food produced in the U.S. is lost as waste among retailers,
food service businesses, and consumers. Additional losses occur during food
harvesting, storage, and distribution. The magnitude of the loss is even greater when
resources spent on growing food such as fuel, water, fertilizer, chemicals, land—use
and human resources are considered. NP 306 research will develop technologies that

improve quality, extend product shelf life, reduce waste, and decrease costs.

NP 306 supports research on the development of nonfood, nonfuel biobased products
from agricultural commodities and byproducts. Interest in biobased products has
increased as consumers and governments have sought more environmentally friendly
products that provide alternatives to petroleum and which do not contribute to
greenhouse gases. Thus, biobased products can reduce our dependency on petroleum
and provide a more sustainable technology for the future. Biobased products that
were once too expensive to commercialize may now be affordable. There is some
public concern that biobased products could contribute to the rising cost of food in
the U.S. Thus, NP 306 research will seek opportunities to develop biobased products
from agricultural feedstocks that do not compete with food, in cooperation with other

ARS national programs and partners.

NP 306 also supports research on crop fiber and animal hides, leather and wool
quality and processing. Stakeholders who produce fibers and hides constitute an
important segment of our rural economy. These industries are severely impacted by
energy and production costs and have lost market share to foreign competition.
Technologies that improve fiber quality, reduce the energy consumption of processing
equipment, and develop new products are needed to help the fiber industry to compete

in a global market.

Relationship of This National Program to the ARS Strategic Plan: Outputs of
NP 306 research support the “Actionable Strategies” associated with the performance
measures shown below from the ARS Strategic Plan for 2006—2011, Objective 2.1:
Expand Domestic Market Opportunities.

Performance Measure 2.1.2: Develop cost effective, functional industrial and
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consumer products, including higher quality, healthy foods, that satisfy consumer

demand in the United States and abroad. Target: 2011 - Cumulatively, 20 new

technologies developed by ARS and adopted for uses that provide food crops and
products with higher quality and extended shelf life; convenient and acceptable
healthy foods; non—food, non—fuel biobased products with cost and performance
features comparable or superior to petroleum—based products; and valuable

co—products from agricultural residues and processing wastes.

Component 1. Foods

Problem Statement 1.A: Define and Measure Quality

The quality of a food derives from measurable chemical, nutritional, physical, and
sensory properties and their complex interactions. Quality is the composite of those
attributes of the food and its latent ability to be efficiently milled, malted, baked,
cooked or otherwise processed into appealing, flavorful foods and beverages.
Inaccurate or uninformative quality assessment methodologies are detrimental to
producers, processors, and ultimately consumers of food products. Quality is assessed
and measured at many points from the farm through processing to final packaging
and marketing. Quality assessment often requires destructive sampling, expensive
equipment, technically advanced protocols and skilled labor, all of which increase final
cost to the consumer. NP 306 technologies link crop and animal improvement
programs with the food processing industry and consumers. ARS research will
develop, evaluate, and implement methods to accurately assess food quality for
research, production and manufacturing programs, leading to improved food quality

from farm to consumer.

Problem Statement 1.B: Preserve or Enhance Quality and Marketability

Consumers intuitively seek food that is at optimal quality and value. They bring to
the marketplace quality preferences that influence their choices. Quality that appeals
to consumers and is useful for food processors is often transient. As a result of
internal biochemical processes and external factors (e.g., insect and microbial activity,
storage conditions, processing practices), desirable quality attributes often change with
time after harvest. Uncontrolled sprouting, product moisture content, temperature,
relative humidity, concentrations of atmospheric gases, and harvest and handling

damage are known to affect the rate of deterioration. In contrast, aging and
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fermentation of some foods can enhance product quality while extending shelf—life.
New information and methods are needed to preserve and enhance the quality and
utilization of agricultural products. Processes and compounds that accelerate or inhibit
degradation will be identified. Novel methods of treating, storing, and processing
agricultural commodities and foods will be developed that optimize product quality

delivered to the consumer.

Problem Statement 1.C: New Bioactive Ingredients and Functional Foods

Foods not only provide essential nutrients for sustaining life but also can impart
healthy physiological responses that may reduce the risk of chronic diseases, such as
obesity, diabetes, and colon cancer. Functional foods contain bioactive food ingredients,
or nutraceuticals, that promote health beyond basic nutritional value (calories, basic
metabolic requirements). Functional foods can be from plant, animal or microbial
sources and bioactive ingredients include naturally occurring or induced phytonutrients
from plants, probiotic bacteria and prebiotic oligosaccharides. The public health
promise of the nascent functional foods industry necessitates a multi—pronged research
approach to identifying biologically active compounds in agricultural materials and
functional foods, characterizing their structures and physiological functions, and
examining the interplay between biologically active constituents and nutritional
components in functional foods. Identification of these constituents, in turn, facilitates
agronomic practices and breeding of crop cultivars, livestock or microbial strains with

enhanced bioactive qualities.

Problem Statement 1.D: New and Improved Food Processing Technologies

Food processing should make safe, nutritious, and convenient food readily available
throughout the year and in every American community. Challenges to assure our food
supply in the 21st century have grown complex through a matrix of rising energy
costs, environmental imperatives, the capacity for unsafe food to be rapidly and
widely distributed, and increasing world demand for high quality foods. Major
opportunities exist along with these challenges. Recovery of valuable bioactive food
ingredients from processing operations can increase the economic value of foods,
while reducing environmental impact. New concepts for preservation, increased
understanding of sensory mechanisms, and new structure—function relationship
insights for food ingredients may make it possible to create new nutritious foods with

excellent sensory properties. The U.S. needs expanded food processing research both
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to realize the opportunities and to successfully meet the challenges required to assure

an affordable, high quality food supply.
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