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TOM TAT

Nam méi (xerula radicata) la nguén thuc phdm c6 gia tri dinh duGng cao. Qué thé ctia loai ndm nay c6 chita ham luong I6n carbohydrate, protein, chat xa,
vitamin va cac khoang chét c6 loi nhu natri, kali, canxi, magie. Trong d6 protein chiém ty trong cao nhat, day thanh phan du@ng chat quan trong ma co thé con
nguoi cn bé sung hang ngay, gidp duy tri su séng va ting cuting stic khde. Trong bai bao nay sé danh gid anh hudng cda cong sudt phat song siéu m dén ham
lugng protein clia ndm mdi sau sdy bang phuang phap sdy bom nhiét két hop séng siéu am. Két qua nghién ctu cho thay rang ham lugng protein clia ndm moi
dugc gt lai nhiéu nhat tlr 24,4% + 25,3% tuong (ing vdi viing cdng sudt séng siéu am tlr 100 < 150W. Bén canh d6, su anh hudng cla cong sudt song siéu am
dén thi gian sdy, chi phi dién nang riéng va su gidm am ctia vat liéu sdy ciing dugc danh gid. Cu thé, khi sdy & ché d6 bom nhiét truyén thong thi thai gian sdy la
8,5 gid. Tuy nhién khi sdy ¢6 st dung bd phét séng siéu 4m véi dai cong suat tir 50 < 175W thi thai gian sdy mi mé sdy giam dang ké tuong (ing tir 6,8 gid xudng
5,3 git, gitip tiét kiém dugc 13,4% =+ 22,9% chi phi sdy tuong ting.

Tir khéa: Bom nhiét, chi phi dién ndng, ndm méi, protein, séng siéu dm, thoi gian sdy.

ABSTRACT

Termitomyces albuminosus (xerula radicata) is a highly nutritious food source. Its fruiting body contains a high level of carbohydrates, proteins, fiber,
vitamins, and beneficial minerals such as sodium, potassium, calcium, and magnesium. Among these nutrients, proteins comprise the highest proportion, which
is essential for human health and vitality. This paper evaluates the effect of ultrasonic wave power on protein content of Termitomyces albuminosus by using
drying method of heat pump combined with ultrasonic waves. The experimental results showed that protein content in Termitomyces albuminosus retains the
highest value from 24.4% - 25.3% corresponding to ultrasonic wave power from 100 - 150W. In addition, the effect of ultrasonic wave power on the drying
time, energy consumption, and moisture content were also evaluated. Specifically, when drying in traditional heat pump mode, the drying time is 8,5 hours.
However, when ultrasound - assisted drying with power range 50 - 175W, the drying time for each batch is significantly reduced from 6.8 hours to 5.3 hours,
respectively, saving 13.4% - 22.9% of drying costs.

Keywords: Heat pump, energy consumption, xerula radicata, protein, ultrasound, drying time.
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1. GIGI THIEU

Nam méi (Xerula radicata) dugc biét dén la nguén thuc
pham c6 gia tri dinh duéng cao. Qua thé cla loai nam nay
¢ chlta mot ham lugng 16n protein, carbohydrate, chat
X0 va vi chat dinh dudng (vitamin, cac acid amin va
khodng chat) [1]. Nam maéi cling chtia mét sé hoat chat ¢
hoat tinh sinh hoc nhu proteoglycan, phenolic, saponin,
melanin, terpen va lectin. V&i ham lugng duéng chat doi
dao va phong phu nhu trén thi ndm mai c6 thé hoan toan
dap ung dugc nhu cau dinh duéng cho con ngudi dac
biét v6i nhirng ngudi sir dung thuc pham thuan chay.

Hién nay, nam mai la loai cay nong nghiép dang dugc
quan tam va dugc nhiéu dia phuong khuyén khich nuoi
tréng, phat trién manh mé & Viét Nam. San lugng ndm méi
thu hoach mdi ném la vé cung I6n. Tuy nhién, thai han s
dung ctia ndm tuoi khi dugc bao quan trong tt lanh & nhiét
d6 4°C la kha ngan. Do d6, nguyén liéu nay gay tén nhiéu
nang lugng dé bao quan cing nhu kho khan trong céc
khau van chuyén, phan phdi dén tay ngudi tiéu dung. Vi
vay, dé gilt dugc gia tri chat lugng cia ndm véi moét chi phi
phu hop thi can c6 cong nghé ché bién mai.

Song siéu am la mot dang séng co hoc ¢6 tan sé tu
20kHz dén 100MHz. Hién nay, song siéu am khong chi la
moét cdng nghé quan trong trong linh vucy hoc va sinh hoc
ma con dugc Ung dung nhiéu trong nganh céng nghiép
thuc pham vi chi phi thap, dé st dung va khéng can héa
chat hoac chat phu gia dé van hanh. Siéu am cé thé hé trg
déng lanh va ra déong thuc pham dé giam thiét hai cho chat
dinh duéng va cai thién chat lugng san pham [2]. Siéu am
cling c6 thé két hop vai ky thuat sdy déi luu, bom nhiét,
chan khéng. Mac du da c6 nhiéu cong trinh nghién ctu
danh gia su tac déong clia séng siéu am dén hiéu qua qua
trinh sdy vdi cac loai san pham khac nhau nhu: ca rét [3], du
da [4], nam linh chi [5], sdm b6 chinh [6]. Cac tac gia déu co
nhan dinh chung rang say c6 su tham gia clia séng siéu am
lam tang t6c d6 say kho va cai thién dugc chat lugng cua
cac san pham trén. Tuy nhién, van chua c6 cac nghién cdu
anh hudng clia song siéu am dén sdy nam mai. Vi vay, bai
bao nay nghién ctu, danh gia su anh hudng clia cong suat
song siéu am dén ham lugng protein clia ndm méi bang
phuong phap sdy bom nhiét két hgp séng siéu am. Bén
canh do, thai gian sdy va chi phi nang lugng khi say nam
moi cling dugc phan tich danh gia.

2. PHUONG PHAP NGHIEN CUU
2.1.Vat liéu say

Vat liéu say la nam mai tuai dugc trong tai thanh phé
Bao Loc, tinh Lam Doéng, Viét Nam. Sau khi thu hoach,
nam sé dugc so ché, lam sach va dugc bao quan trong ta
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mat & diéu kién nhiét dé 4 + 0,5°C va dugc thai lat véi do
day 6 =4mm.

Két qud xac dinh am d6 ban dau cha ndm tuoi
wo = 85,2% kga/kg VLA (wio = 5,76kga’kg VLK). Am d6 ndm
sau khi sdy can dat w, = 12% kga/kg VLA (w«. = 0,14kga/kg
VLK), theo tiéu chuan bao quan ndm an & Viét Nam [7].
2.2, Thiét bi thi nghiém va dung cu do

M hinh may sdy bom nhiét c6 su ho trg clia song siéu
am s dung trong nghién ctu nay dugc thiét k& dé sdy
nam mai véi nang suat Q = 1,0kg/mé, so d6 nguyén ly va
cdu tao nhu hinh 1 va dugc lap dat tai cong ty TNHH Co
bién Lanh Thanh Quang, dia chi: 114/93A Té Ngoc Van,
P.15, Q. Go Vap, TP. H6 Chi Minh. Cau tao clia mé hinh say
bao gém bon thanh phan chinh la bom nhiét, buéng say
déi luu tuan hoan, bo phét séng siéu am va diéu khién.
M hinh may sdy c6 kich thudc 500x400x550mm, buéng
say co kich thudc chiéu dai, rong va cao lan lugt la
500x200x400mm, may nén cé céng suat dong co la
0,5kW, bo phat séng siéu am (Model: KMD-M4, xuat xu
Trung Quéc) cdng suat 180 W, dugc dat cach khay say
10mm, c6 thé diéu chinh cong suat tir 0 + 100%. Chi tiét
cac thdng sé ky thuat clia clia hé thdng sdy nay thé hién
nhubang 1. Trong bai bdo nay, khoi lugng cla vat liéu sy
dugc do bang cdm bién loadcell (hang CAS, model:
BCL-20L, giGi han do 10kg, vGi sai sO tuyén tinh
+0,03%kgf) va dugc gan phia dudi khay sdy. Dién nang
tiéu thu clia hé théng dugc do bang dong hoé dién nang
(Model: PZEM-061). Van t6c tac nhan sdy dugc do bai
déng ho do téc dé gioé Lutron AM-4203 va cé d6 chinh
Xac: + (2% + 1d). Am d6 va nhiét d6 tac nhan sdy dugc
do bang thiét bi Conotec Fox-3002 véi thang do
-55,0 ~ 99,9°C, vGi d6 chinh xac nhiét d6 +1% va thang do
am do 10% - 100%, d6 chinh xac RH 1a +3%. Am dod ban
dau ctia ndm mai dugc do bang can sdy am hong ngoai
thuong hiéu Kett (Model: FD-720), thang do 0,5 - 120g, sai
s6 £+ 0,02 + 0,05%.

Nguyén ly hoat déng clia hé thong say nay dugc mo
ta nhu sau: Dong tac nhan sdy la khéng khi am dau tién
dugc quat théi qua dan lanh, tai day tac nhan sdy ducc
lam lanh tach am. Sau d6, tdc nhan say di vao dan néng
va dugc gia nhiét dang dung 4m dén nhiét do sy yéu cau
va dugc dua vao budng sdy. Trong budng sdy tac nhan
say sé két hgp véi song siéu am do bo phat séng phat ra,
am trong vat liéu dudi tac déng ctia séng siéu am sé dich
chuyén tir tam ra bé mat va sau dé tir bé mat khuéch tan
vao tac nhan sdy c6 d6 am tuong déi thap do su chénh
léch phan ap suat hoi nuéc gilra vat liéu va tac nhan say.
Su két hgp nay sé lam nudc trong vat liéu sdy khuéch tan
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ra bé mat va moi trudng nhanh hon, déng déu trén toan
bo vt liéu sdy. Lugng dm thoét ra sé dugc tdc nhan sdy
mang di va thai ra & dan lanh, qua trinh c( thé tiép tuc
dén khi am dé trong vat liéu sdy dat yéu cau.
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Hinh 1. Hé thdng sdy bom nhiét két hop séng siéu am
1- Tt dién diéu khién va giam sat; 2- Budng sy; 3- Van tiét luu; 4- Dan
lanh; 5- Dan ndng; 6- Bd phat séng siéu am; 7- Mdy nén; 8- Dan néng phu

Bang 1. Thong 50 kj thudt clia may sdy

STT Néi dung Théng s6
1 Nang sudt Q (kg/mé) 1,0
2 Kich thuc may sdy: D x R x C (mm) 500400550
3 Kich thuGc budng sdy: D x R x C (mm) 500200400
4 Kich thuéc khay sdy: D x R x C (mm) 220x110x10
5 (Cong suat dong co mdy nén N (kW) 0,5
6 (ong sudt dong co quat (kW) 0,12
7 (C6ng suat b phat séng siéu am (kW) 0,18
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8 Nhiét @ TNS (°C) 35+60
9 T6c do TNS (m/s) 0,5+3,0
10 Dién dp (VAQ) 1Pha/220

2.3. NGi dung nghién citu

Nham danh gid anh hudng cla céng suat séng siéu
am dén thai gian sdy, chi phi dién nang riéng va dac biét
la ham lugng protein clia nam sau qua trinh sdy. Tac gia
ti€n hanh thuc hién cac mé say bang phuong phap bom
nhiét c6 ho trg séng siéu am & tan s6 28kHz véi dai cong
sudt phat séng dugc diéu chinh lan lugt la OW, 50W, 75W,
100W, 125W, 150W va 175W. Trong suét qua trinh say,
nam méi dugc sdy & nhiét d6 tac nhan say (TNS) la 50°C,
van té¢c TNS 1a 0,5m/s, cong suat ndm maéi cho moi mé say
la 1,0kg/mé, dé6 am ban dau cia ndm méi la
wio = 5,76kga’kg VLK, wi. = 0,14kga/kg VLK.

Quy trinh thi nghiém dugc thuc hién nhu sau: Budc 1:
So ché nam, lau bui bang khan kho, cat nam thanh lat co
dé day khoang 4 mm va trai déu Ién khay. Budc 2: Dat
khay sdy vao buéng say va kiém tra may say truéc khi van
hanh (d6 cach dién, dién ap nguodn,..). Budc 3: Cai dat
thong s6 van hanh mdy sdy nhu nhiét dé TNS, van téc
TNS, cong suat siéu am. Budc 4: Van hanh do dac cac
thong s6 clia mdy va vat liéu sdy. Budc 5: Hut chan khong,
déng géi san pham sau khi sdy. Nam méi sau khi say dugc
lay mau déng goi va gui dén Trung tdm kiém nghiém va
tu van UDKH AVATEK phan tich ham lugng protein.
2.4. Phuong phap xt ly sé liéu

Cac s0 liéu thuc nghiém trong bai bao nay sé dugc xac
dinh theo céng thuc sau:

+ D06 dm clia ndm mdéi tai ting thai diém qua trinh say
dugc xac dinh theo cong thuc (1):

_m,-m,(1-w,)

(M

< my(1-w,)

Trong dé:
wo: Am d6 ban dau ctia ndm mai (%, kga/kg VLA).
wi: Am d6 ndm méi theo thai gian t (kga/kg VLK).
mo: Khéi lugng ban dau ctia nam méi (g).
m;: Khéi lugng ndm moi theo thaoi gian sdy T(g).
+ Chi phi dién nang riéng clia qua trinh sdy dugc xac
dinh theo céng thuc (2):
Arszi,kWh/kg (2)

Trong dé:
P la cong suat tiéu thu trong qua trinh say (kW);
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G la khéi lugng clia nam maoi trong mot mé say (kg);

T 1a thoi gian vat liéu sdy dat dé am yéu cau (gid) va
dugc xac dinh bang dong hé do.

+ Phan tram ham lugng Protein (% tinh theo vat chat
kho): dugc xac dinh véi phuong phap AVA-KN-PPHL/01
tai Trung tam kiém nghiém va tu van UDKH AVATEK.

3. KET QUA VA BAN LUAN

3.1. Anh huéng clia cdng suat séng siéu am dén thoi
gian say

Hinh 2 cho thay anh hudng clia céng suat song siéu
am dén thaoi gian sdy khé ndm méi dén do am yéu cau.
Ban dau, khi sdy & ché d6 say bom nhiét don thuan
(khong cé su tham gia clia song siéu am) thi thai gian sdy
mot mé sdy la 8,5 gid. Khi tdng cong suat phat song siéu
am ti 50 + 175W thi thai gian say mbi mé sdy giam dang
ké tur 6,8 gid xubng 5,3 gid. K&t qua thuc nghiém da cho
thay khi sdy c6 sy ho trg clia séng siéu am thi thai say da
gidm xudng nhanh chéng tir 1,7 gid + 3,2 gid. Diéu nay ¢
thé gidi thich vi siéu am lam cho méi trudng xung quanh
rung dong va sau d6 nang lugng siéu am dugc truyén dén
vat liéu lan can. Tac dong cula siéu am trong moi trudng
c6 thé dugc chia thanh céac hiéu ing nhiét, xam thuc va
co hoc [8]. Vay nén, cong suat siéu am tang lén dong
nghia véi viéc cac dao ddng, cac hiéu tng dugc thuc hién
phu hop tir d6 pha vé [6p bién bé mat clia cau tric té bao
sau do lan truyén trong long vat liéu, giam su lién két gitia
am va chat kho, tao ra cac vi mao dan, tang kha nang
khuéch tan am ra ngoai moéi trudng.

9.0 1
8.5
8.0 1
7.5 1
7.0 1
6.5 1
6.0 1

Thoi gian say (gio)

5.5 1
5.0 1
4.5 1
4.0

0 25 50 75 100 125 150 175
Cong suat siéu am (W)
Hinh 2. Anh huéng clia cong suét séng siéu dm dén thdi gian sdy
Véi su thay d6i cong suat séng siéu am tir 50 + 100W
thi thai gian say da dugc rut ngan tu 6,8 gid xuéng 5,7 gid,
gidm 16,1%. & miic cdng sudt tir 125 + 150W thdi gian sdy
rat ngan tir 5,4 gid xudng 5,2 gid, giam 3,7%. Nhung vai
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muc cong suat 175W thai gian sdy tang tu 5,2 gid lén 5,3
gid, tang 1,9%. B&i vi khi ti€p tuc tang cong suat song siéu
am cac hiéu Ung ho trg qua trinh sdy da khong con phu
hop dan dén téc do gidm am trong vat liéu sé giam va
thdi gian sdy sé cé xu hudng tang.

Hinh 3 cho thay su anh hudng clia cong suat song siéu
am dén dé giam am cia ndm mdi khi sdy. Qua trinh sy
thudng dugc chia lam ba qua trinh: qua trinh lam néng
vat, qua trinh t6c do sdy khéng déi, qua trinh t6c dé sdy
giam dan. Tu két qua thuc nghiém hinh 4 cho thdy, song
siéu am cé tac dong hiéu qua nhat & giai doan lam nong
vat va giai doan toc d6 sdy khong doi, khi sdy & ché do
bom nhiét don thuan thai gian gidm am tu 5,76kga/kg
VLK xu6ng 0,2kga/kg VLK la 6,8 gi&. Nhung véi cung do
gidm am do khi sdy c6 su hd trg clia séng siéu am & dai
cong sudt tir 50 + 175W thi thai gian gidam dm la tir 5,3 +
3,8 gio. 0 giai doan téc do sdy giam dan, thai gian giam
am tur 0,2kga/kg VLK dén khi dat d6 am yéu cau & hai ché
do sdy khong cé su chénh léch dang ké.

6.00
5.50 ——0W
5.00 —— :o \\:
430 o 1;3\\\'
——
Lo S 5w
- 150 W

3.00
2.50
2.00
1.50
1.00
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Hinh 3. D thi dudng cong sdy 6 cdc muic cong sudt khdc nhau

3.2. Anh huéng cia cdng suat séng siéu am dén chi phi
dién nangriéng

Chi phi dién nang riéng la mot trong cdc tiéu chi kinh
té quan trong cla cong nghé sdy. Hinh 4 cho thay su tac
doéng clia cong suat séng siéu am dén chi phi nang luong
khi sdy ndm moi. Tu két qua thuc nghiém hinh 4 cho thay,
G dai cong suat 0 + 125W chi phi dién nang riéng giam
dang ké tu 7,23kWh/kg xudng 5,37kWh/kg. Diéu nay c6
thé dugc gidi thich nhu sau, chi phi nang lugng cta hé
thong sdy chd yéu la tir bom nhiét, ban dau khi sdy bom
nhiét truyén théng, thoi gian sdy kéo dai, chi phi dién
nang riéng sé Ién. Nhung khi cé séng siéu am ho trg qua
trinh sdy thoi gian sdy gidam, kém véi muc tiéu hao dién
nang tang lén khéng dang ké. Do do tiét kiém dugc 25,7%
chi phi say.
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Dién nang riéng (kWh/kg)

4.00 T T

0 50 75 100 125 150 175
Cong suat siéu am (W)

Hinh 4. Anh hung clia cong suat séng siéu 4m dén chi phi dién nang riéng

Tuy nhién khi tiép tang cong suat siéu am tir 125W 1én
dén 150W chi phi dién nang riéng giam nhung khéng
nhiéu tr 5,37kWh/kg xuéng 5,30 kWh/kg, gidam 1,3%.
muc cong suat 175W chi phi dién nang riéng c6 xu huéng
ti€p tuc tang 1én 5,57kWh/kg. TU két qua trén cé thé du
doén rang, néu tiép tuc tang cong suat séng siéu am thi
chi phi dién ndng riéng sé tang, gay lang phi nang luogng
trong qua trinh sdy. Nguyén nhan la do khi céng suat siéu
am tiép tuc tang muec tiéu thu nang lugng cta bd phat
sOng ngay cang cao trong khi do hiéu qua hé trg qua trinh
say trong giai doan nay ngay cang giam, dan dén chi phi
dién nang riéng sé c6 xu hudng tang.

3.3. Anh huéng clia cong suat séng siéu am dén ham
lugng protein cta vat liéu say

Nhu da dé cap & trén, nam méi la nguén thuc pham
giau thanh phan dinh duéng, dac biét ham lugng protein
chiém ti 1& cao nhat. D& danh gia ham luong protein con
lai & cac ché dé say khac nhau, ndm maoi sau moéi mé say
sé dugc lay mau va gui phan tich ham lugng protein bai
Trung tdm kiém nghiém va tu van UDKH AVATEK.

Cac nghién cttu da chira rang viéc ting dung séng siéu
am ho trg qua trinh sdy c6 kha nang gitr lai dugc thanh
phan dinh duéng t6t hon khi so véi cac phuong phap say
don thuan [9]. K&t qua su anh hudng cla cong suat séng
siéu am dén ham lugng Protein cia nam méi khi sdy dugc
thé hién & hinh 5, qua két qua trén ta thdy rang & muc
cong suat 100 + 150W ham lugng protein dugc giir lai
nhiéu nhat tir 24,4% + 25,3%. Tuy nhién, khi céng suat
siéu am tiép tuc tang lén 175W ham protein dugc gitt lai
trong ndm cé xu hudng giam. Do & dai cong suat thap tu
100 + 150W nang lugng séng siéu am chua du dé pha cau
tric 16p bién bé mét cta cdu truc té€ bao ma chi co dan

108 | Tap chiKhoa hoc va Cong nghé Trugng Dai hoc Cong nghiép Ha Noi

lién tuc tao ra cac vi kénh, giam su lién két gitra cac phan
tUr gitp tang cudng téc d6 sdy nhung khéng anh hudng
dén ham lugng dinh duéng cla san pham, cu thé & day la
ham lugng protein.

30.0
27.0

24.0

Protein (%)

Phan tram ham luong

0 25 50 75

100
Cong suat siéu am (W)

125 150 175

Hinh 5. Anh huéng cong sudt séng siéu am dén phan trim ham lugng
protein
4. KET LUAN

Bai bdo trinh bay nghién cdu thuc nghiém danh gia su
anh hudng cla céng suat song siéu am dén ham luong
protein cla nam méi sau sdy bang phuong phap say bom
nhiét két hgp song siéu am. Khi sdy nam méi & nhiét do
va van téc khéng déi lan lugt 1a 50°C va 0,5m/s, cdng suat
song siéu am dugc diéu chinh & cac muc gia tri lan luot la
0 dén 175W. Két qua cho thay rang:

- Khi say & ché dé bom nhiét truyén théng thi thoi gian
say la 8,5 gid. Tuy nhién khi sdy c6 sir dung b phat séng
siéu am tu 50 + 175W thi thoi gian sdy méi mé say giam
dang ké tuong ung ti 6,8 gid xudng 5,3 gidi. Bén canh dé,
dé dm cla ndm mdi clng gidm nhanh chéng trong
khoang thai gian 04 giG dau clia mé say va sau dé giam
cham dan.

- 0 dai cong suat séng siéu am tir 0 =+ 125W thi chi phi
dién nang riéng giam dang ké tur 7,23kWh/kg xuéng
5,30kWh/kg. Do dé c6 thé tiét kiem dugc 25,7% chi phi
say so v&i sdy bom nhiét truyén théng.

- Ham lugng protein ctia ndm mai sau khi sdy dugc gilr
lai nhiéu nhat tuor 24,4% =+ 25,3% Uing véi muc cong suat
séng siéu am tur 100 + 150W.
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